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PRE  F  AC  E 


IN  the  preparation  of  "Electricity  in  Every-day 
Life,"  the  Author  has  not  hesitated  freely  to 
consult  contemporaneous  literature,  including 
various  books  and  periodicals,  together  with  the 
records  of  scientific  societies,  which  contain  de- 
scriptions of  the  more  important  inventions  in  the 
electric  arts  and  sciences. 

He  desires  to  acknowledge  his  indebtedness  to 
Mr.  Martin  P.  Rice  of  the  General  Electric  Com- 
pany and  to  Mr.  C.  J.  Reed  of  Philadelphia  and 
others  for  critical  reading  of  some  of  the  proof 
sheets.  He  also  desires  to  acknowledge  his  indebt- 
edness to  the  McGraw  Publishing  Company  for 
several  extracts  from  some  of  the  books  of  Hous- 
ton &  Kennelly's  Electro-Technical  Series,  Houston 
&  Kennelly's  "Recent  Types  of  Dynamo-Electric 
Machinery,"  and  Miller's  "American  Telephone 
Practice,"  as  well  as  quotations  from  the  "Electrical 
World  and  Engineer" ;  to  Messrs.  Appleton  &  Com- 
pany for  a  brief  quotation  from  Algave  &  Boulard's 
"Electric  Arc  Light";  to  D.  Van  Nostrand  Com- 
pany  for   a    quotation    from    Crocker's    "Electric 
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Lighting";  to  the  American  Institute  of  Electrical 
Engineers  for  extracts  from  the  papers  of  Sachs, 
Matthews,  Jackson,  and  others,  and  to  the  Franklin 
Institute  of  the  State  of  Pennsylvania  for  various 
extracts  from  its  journal. 

He  also  desires  to  acknowledge  his  indebtedness 
to  William  Maver,  Jr.,  for  several  cuts  from  his 
book  on  "American  Telegraphy." 

The  Author  trusts  that  his  book  will  prove  of 
advantage  to  the  general  reading  public. 

Philadelphia, 
November \  iqo+ 
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INTRODUCTORY 

"  There  are  more  things  in  heaven  and  earth,  Horatio, 
Than  are  dreamt  of  in  your  philosophy." 

—Hamlet,  Act  I,  Scene  V. 

T  is  no  longer  a  matter  of  choice  whether  or  not  Necessity 
one  shall  become  acquainted  with  the  general  i^fliedge 
facts  and  principles  of  electric  science.     Such  Sty? 
an  acquaintance  has  become  a  matter  of  necessity. 
So  intimately  does  electricity  enter  into  our  every- 
day life  that  to  know  nothing  of  its  peculiar  prop- 
erties or  applications  is,  to  say  the  least,  to  be  se- 
verely handicapped  in  the  struggle  for  existence; 
To-day  one  can  not  converse  intelligently  on  almost 
any  current  topic  without  either,  eventually,  employ- 
ing some  electric  term,  or  without  referring  to  some 
electric  fact  or  principle.     Some  of  these  references 
are  to  facts  so  well  known  that  they  have  long 
ceased  to  appear  to  belong  to  electro-technology, 
and  are  regarded  as  matters  of  every-day  life.     Our 
current  periodical  literature  fairly  teems  with  elec- 
tric words,   terms  or  phrases.     The  daily  news- Electro 
papers  employ  electro-technical  language  as  a  mat-phra£eoi- 
ter  of  every-day  necessity,  quite  as  glibly  as  they  pan  of  our 
do  the  rest  of  our  mother  tongue,  and  they  do  this,  SSgLgZ 
moreover,  without  the  consciousness  of  employing 
anything  more  than  the  language  of  every-day  life. 
In  our  households  we  talk  of  dynamos,  motors, 
trolleys,  electric  lamps,  telephones,   and  batteries, 
cpxite  as  freely  as  we  do  of  bread,  butter,  butcher's 
meats,  milk*  ice,  coal  and  carpets.    We  speak  as 
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freely  of  electric  pressure,  of  the  candle  power  of 
our  street  or  house  lights,  of  the  efficiency  of  our 
house  'phone,  of  the  practicability  of  our  electric 
gas  lighting,  of  the  use  of  our  system  of  messenger, 
cab  or  police  calls,  of  our  burglar  alarms,  of  the 
velocity  of  our  electric  fans,  of  the  reliability  of  our 
house  annunciators  and  electric  door-bells,  or  other 
push-button  apparatus,  with  no  greater  feeling  of 
strangeness  than  we  do  of  the  action  of  the  water 
or  gas  service  in  the  house,  the  operation  of  the 
heater  in  the  cellar,  the  use  of  the  speaking  tubes, 
or  the  operation  of  a  carpet  sweeper,  lawn  mower, 
coffee  mill,  water  faucet,  folding  bedstead,  sausage 
chopper  or  coffee  pot.  We  speak  of  volts,  ohms 
and  amperes  with  almost  the  same  intimacy  as  we 
do  of  coffee,  sugar  and  tea.  We  are  as  ready  to 
criticise  the  correctness  of  the  registration  of  the 
electric  meter  as  we  are  to  accuse  the  butcher  or 
the  baker  of  gross  overcharge,  and  make  such  state- 
ments with  the  same  supreme  consciousness  of 
ability  to  confuse  our  opponent,  whether  he  be  the 
representative  of  the  wicked  monopolistic  electric 
company,  or  merely  the  outside  vender  of  our  daily 
food  supplies. 

To  form  some  idea  of  the  wonderful  growth  in 
electric  words,  terms  and  phrases,  compare  the 
number  employed  to-day  with  that  in  the  time  of  the 
Greek  Thales,  about  600  B.C.,  when  one  single  word, 
"electron"  or  "amber,"  embraced  the  entire  electric 
vocabulary,  expressing  as  it  did  the  only  electric 
phenomenon  then  known  to  man.  Or,  take  any 
English  dictionary  of  say  one  hundred  years  ago, 
and  see  the  comparatively  limited  number  of  words 
that  can  properly  be  called  electrical,  and  then  com- 
pare this  with  a  modern  dictionary,  which  will  be 
found  to  contain  more  than  twelve  thousand  separate 
(electric)  words,  terms  and  phrases,  and  this  num- 
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ber  growing  daily  to  meet  the  needs  of  this  con- 
stantly expanding  science. 

To  form  some  idea  of  the  extent  of  the  growth  Electricity 

•8  ft  Dftlt 

in  the  applications  of  electricity  in  our  every-Klay  gf  our  daily 
life,  let  us  briefly  follow,  for  a  single  day,  some  of 
the  different  workers  in  the  various  callings  of  life 
in  any  of  our  large  cities.  We  will  start  with  a 
lawyer,  a  profession  not  generally  associated  with 
any  especial  or  unusual  contact  with  electrical  ap- 
pliances. 

As  our  lawyer  leaves  his  house,  he  boards  a  trolley 
car  driven  by  electric  motors,  in  dark  weather  elec- 
trically illumined,*  and  in  the  winter,  heated  by 
electric  heaters.  The  morning  paper,  almost  cer- jj^jgy 
tainly  in  these  days  printed  by  electrically  driven  newspapers 
presses,  contains  news  collected  from  all  parts  of 
the  world  by  telegraphic  messages  flashed  over  the 
land,  cabled  under  the  ocean,  or  wafted  across  space 
by  systems  of  wireless  telegraphy ;  or,  it  may  be,  col- 
lected by  the  spoken  word  through  the  intervention 
of  the  telephone.  In  this  paper  he  reads  both  of 
the  more  startling  electric  achievements  in  different 
parts  of  the  world,  and  of  the  every-day  work  of  the 
electric  arts  and  sciences.  Doubtless,  he  consults 
the  quotations  of  the  stock  market,  collected  by 
means  of  the  electric  stock-ticker.  If  the  weather 
report  interests  him  he  can  avail  himself  of  weather 
forecasts,  crystallized  by  expert  meteorologists  from 
the  reports  of  the  numerous  skilled  observers  sent 
over  the  wonderful  network  of  electric  wires  or 
conductors  that  our  government  employs  in  studying 
actual  weather  conditions  in  all  parts  of  our  country. 
In  the  police  records,  or  in  the  proceedings  of  the 
courts,  he  reads  of  criminals  at  work  being  detected 
by  the  burglar  alarm,  or  even  by  an  alarm  operated 
by  the  light  of  the  dark  lantern  the  burglar  is  so 
careful  to  hide  from  outside  observation;  or,  he 
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may  note  the  fleeing  criminal  as  being  arrested  by  the 
uSTJ^ice  use  °*  the  telegraph  or  telephone,  or  cable,  or,  pos- 
™3fe*e  sibly,  by  means  of  his  picture  telegraphed  to  distant 
police  stations.  Or,  perchance,  he  reads  of  a  fire, 
started  under  circumstances  that  might  have  led  to 
a  great  conflagration,  stopped  in  its  incipiency  by 
some  form  of  fire  alarm,  that  might,  as  in  the  case 
of  thermostatic  alarm  apparatus,  have  caused  die  in- 
crease of  temperature  automatically  to  send  an  alarm 
for  the  fire  engines  to  come  to  extinguish  the  flames, 
or  even  automatically  to  turn  on  the  water  to  do  its 
own  fire  extinguishing,  without  the  intervention  of 
outside  aid. 

He  might  read  much  more  of  electric  doings,  but 

the  rapid  transit  of  the  trolley  system  has  brought 

him  to  his  office  in,  say,  a  modern  office  building. 

Pushing  an  electric  button,  he  calls  an  elevator,  and 

rises  rapidly  to  his  floor,  perchance  in  an  electrically 

driven  elevator.     He  enters  his  office  and  begins  his 

day's  work.     If  the  day  is  hot  he  moves  a  switch 

and  starts  an  electric  fan.     If  the  day  is  cloudy,  and 

the  office  dark,  he  pushes  a  button,  and  instantly  an 

electric  illumination,  as  of  day,  lights  up  the  office. 

He  now  opens  his  mail  and  begins  reading  his 

usefulness  correspondence.     Suddenly  he  hears  a  bell,  and  with- 

sweating    out  leaving  his  desk,  he  listens  at  his  extension  'phone 

telephone  ««««  « •  •  •  ,..• 

in  profes-  and  holds  conversation  concerning  an  important  piece 
business1  of  work  with  a  party  in  a  distant  part  of  the  city ;  or, 
'phoning  a  correspondent,  he  gives  orders  or  directs 
the  day's  work,  often  far  more  efficiently  than  he 
could  do  personally,  saving  not  only  the  time  required 
for  transit  between  his  office  and  that  of  his  corre- 
spondent, but,  in  addition,  the  time  required  while 
waiting  in  the  outer  office  before  he  may  have  an  in- 
terview ;  for,  by  the  electric  road  that  extends  over 
the  house-tops,  on  pole  lines  along  the  streets, 
through  the  underground  conduits,  under  rivers, 
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through  tunnels,  etc.,  between  his  office  and  that  of 
the  correspondent,  he  travels  as  fast  as  Puck  would 
in  the  days  of  Shakespeare,  and  almost  immediately 
enters  the  private  office  of  his  correspondent  and 
obtains  an  audience. 

His  mail  finished,  a  client  enters.  The  business  Need  of 
may  be  a  mere  question  of  law  not  directly  involving  knowledge, 
electricity.  It  may,  however,  be  a  question  of  a  suit 
for  damages,  say,  for  injuries  inflicted  by  a  live  elec- 
tric wire,  or  for  injuries  sustained  by  the  explosion 
of  gas  in  an  underground  conduit,  and  then  electric 
principles  will  be  discussed  and  possibly  the  services 
of  an  expert  engaged.  Or,  it  may  be  a  question  as 
to  the  infringement  of  an  electric  apparatus  or  proc- 
ess, when  an  intimate  knowledge  both  of  the  work- 
ings and  operation  of  the  apparatus  is  required,  and 
familiarity  with  the  prior  state  of  the  art  is  an  ab- 
solute necessity.  The  ease  with  which  the  lawyer 
will  discuss  the  case  shows  the  familiarity  he  has  al- 
ready acquired,  in  common  with  the  rest  of  the  pub- 
lic, with  the  leading  facts  and  principles  of  electric 
science.     Possibly  during  the  conference  a  technical  The  ency- 

t-  j.i  •  •  *!_•!•  clopedlc 

word  is  used,  the  precise  meaning  of  which  is  ques-  diaionary 
tioned;  the  lawyer  quietly  turns  to  his  encyclopedic dmyprofes- 
dictionary  and  determines  for  himself  the  best  usages 
in  the  case. 

The  client  dismissed,  our  lawyer  leaves  his  office 
and  goes  to  court  and  listens  to  or  argues  in  dif- 
ferent cases.  In  a  murder  case  he  may  hear  the 
verdict  of  the  jury  of  "Murder  in  the  first  degree," 
and  listen  to  the  sentence  pronounced  by  the  judge, 
not  to  be  hanged  by  the  neck  until  dead,  but  "To  be 
taken  to  the  county  prison,  and  there,  on  a  set  date, 
to  be  electrocuted,  or  killed  by  the  passage  of  an  {JoE1"*1* 
electric  discharge  through  the  body,  in  the  manner 
prescribed  by  the  law." 

The  court  adjourned,  lunch  follows.     In  the  club 
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bouse,  or  at  the  restaurant,  the  stock-ticker  is  person* 
ally  consulted  for  the  state  of  the  money  markets,  and 
possibly  an  order  to  buy  or  sell  is  telegraphically  or 
telephonically  sent  to  his  broker,  or  the  printed  page 
of  the  typewriting  telegraph  is  consulted  for  the  lat- 
est telegraphic  or  telephonic  news  from  all  parts  of 
the  country  or  world. 

During  lunch  a  telegraph  boy  enters  with  a  de- 
spatch from  a  distant  city  in  the  shape  of  a  request 
Tcie-  from  a  client,  fortunately  not  requiring  a  tiresome 
MSnuDcnT  all-night  or  longer  journey,  but  merely  asking  that  he 
phVnlcTcon-  be  called  up  at  a  certain  hour  on  his  'phone,  at  such 
vereaton.   ^^  ^^  a  number,  say,  in  Boston.  .-This  agreed 

upon,  at  the  appointed  hour,  in  the  twinkling  of  an 
eye,  he  passes  over  the  long  and  tortuous  metallic 
highway  for  electric  passengers — i.e.  the  conducting 
wires — and  enters  his  client's  office  in  Boston,  where 
he  rapidly  completes  the  business  by  giving  his 
client  the  information  desired,  or  agreeing  on  some 
course  of  proceedings  to  be  followed  until  the  next 
meeting. 

Lunch  over,  a  return  to  office  duties,  and,  these 
completed,  during  summer  months,  a  drive  to  the 
The  aoto    country  club  in  an  electrically  driven  automobile,  or, 
t£c  dearie  possibly,  a  ride  on  the  bay  or  river  in  an  electric 
launch,  with  an  inspection  before  leaving  of  the 
electric  fountain  with  its  wondrous  color  effects,  ob- 
tained by  light  from  powerful  arc  lamps  on  jets  of 
water,  whose  play  is  obtained  by  means  of  electrically 
driven  pumps. 
During  winter,  after  a  dinner  at  home,  or  at  the 
Electricity  club,  a  visit  is  made  to  the  theatre  or  opera.     Here, 
treorthe  "  besides  the  electric  illumination  of  the  corridors  and 
the  main  body  of  the  house,  are  to  be  observed  the 
splendid  stage  and  scenic  effects  obtained  by  incan- 
descent electric  lights,  or  the  gorgeous  color  effects 
obtained  by  the  use  of  color  screens  in  connection 
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with  powerful  arc  projectors,  or  arc  lamps  fur- 
nished with  focussing  apparatus.  On  the  stage  it- 
self, there  may  be  displayed  effects  produced  by  bril- 
liant electric  jewels  in  the  shape  of  miniature  incan- 
descent electric  lamps.  Here,  too,  he  may  observe 
the  effects  produced  by  variations  in  the  amount, 
distribution  or  intensity  of  the  electric  illumination, 
though  he  can  not  see  the  means  employed  for  the 
regulation  of  the  electric  lights  necessary  in  order 
to  obtain  those  effects.  In  the  same  manner  he  may 
see  the  results  of  the  electric  apparatus  employed  to 
produce  sunrise  effects,  or  of  the  reflectors  employed  JJJJgjf 
to  throw  a  powerful  electric  light  on  the  actors  socffects- 
as  to  ensure  a  brilliant  illumination  of  their  faces  or 
figures.  He  may  also  see  the  rainbow  effects  pro- 
duced by  the  use  of  an  electric  arc  and  a  glass  prism. 

Having  thus  followed  a  lawyer  through  a  day's 
work,  let  us  do  the  same  thing  with  a  physician  or 
surgeon,  and  see  what  practical  applications  of  elec- 
tricity or  magnetism  he  might  be  obliged  to  use 
during  a  day's  ordinary  practice.  Here  the  electric 
uses  and  applications  are  far  more  specialized  than  in 
the  case  of  the  lawyer;  still  they  are  by  no  means 
beyond  the  comprehension  of  the  general  public,  who 
now  regard  them  rather  as  matters  of  course  than  as 
causes  for  wonderment. 

During  his  office  practice  when  occasions  arise  to 
give  electric  treatment,  our  physician  or  surgeon  HS-ESS* 
may  have  recourse  to  the  f aradic  battery,  by  means  &ettfaia2J.c 
of  which  electric  currents,  which  rapidly  change  their  Jjf~° 
directions,  are  obtained  by  the  use  of  induction  coils, 
provided  with  mechanism  for  rapidly  breaking  the 
circuit  of  a  voltaic  current  passing  through  them; 
or,  he  may  have  recourse  to  magneto-electric  faradic 
apparatus,  in  which  currents  that  rapidly  alternate, 
or  change  their  directions,  are  obtained  by  the  rota- 
tion, before  the  poles  of  a  permanent  or  steel  mag- 
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net,  of  a  coil  of  insulated  wire  wrapped  on  a  soft 
iron  armature.  Should  he  require  the  direct  current, 
or  a  current  which  always  flows  in  one  and  the 
same  direction,  he  employs  the  current  of  a  voltaic 
battery,  where  a  number  of  wet  or  dry  voltaic  cells 
are  suitably  connected  together.  If  a  patient  re- 
quires the  use  of  the  discharge  from  a  frictional 
electric  machine  or  its  equivalent,  our  modern 
physician  generally  employs  a  variety  of  machines 
called   static-induction  machines. 

Should  occasion  arise  to  examine  the  nose,  throat 
or  ear  of  the  patient,  the  doctor  can  call  to  his  aid 
the  direct  illumination  of  these  organs  by  means  of 
powerful  miniature  electric  lamps  introduced  di- 
rectly into  the  neighborhood  of  the  parts  to  be 
examined.  He  can  even  in  this  manner  make  an  ex* 
amination  of  the  bladder  by  means  of  electric  illumi- 
nation obtained  from  a  lamp  introduced  into  this 
organ.  In  a  similar  manner  he  can  make  examina- 
tion of  other  internal  organs  of  the'  body,  such  as 
the  stomach,  etc.  Or,  instead  of  introducing  the 
electric  lamps  directly  into  the  parts  to  be  examined, 
he  may  employ  electric  illumination  indirectly  by 
throwing,  by  the  aid  of  suitable  reflectors,  the  light 
of  an  electric  lamp,  which  he  supports  on  a  band  at- 
tached to  his  forehead,  on  to  the  part  to  be  examined. 
In  this  way  the  eye,  ear,  throat,  etc.,  are  readily 
examined. 

A  patient  enters  from  a  machine  shop  with  a 
minute  splinter  of  iron  in  the  eyeball.  If  not  readily 
removed  by  ordinary  means,  it  may,  under  favorable 
circumstances,  be  directly  removed  by  the  use  oi 
a  suitably  shaped  but  powerful  electro-magnet  K 
not  in  sight,  the  use  of  the  X-ray  apparatus  disclose* 
its  location  and  enables  the  surgeon  to  decide  whether 
an  operation  is  advisable  or  possible,  and  thus  pre* 
raits  him  to  properly  diagnose  the  case,  and  make  a 


INTRODUCTORY  9 

correct  prognosis,  or  opinion  as  to  the  ultimate  result 
of  the  injury. 

In  the  hospital  our  surgeon  may  have  a  case  of 
supposed  fracture  of  some  of  the  bones  of  the  body. 
Instead  of  subjecting  the  patient  to  the  old  and  now 
barbarous  practice  of  moving  the  injured  member 
until  the  broken  surfaces  of  the  bones  grind  or  grate 
against  one  another,  or  "crepitate,"  the  use  of  the  X- 
rays  will  enable  the  surgeon  to  look  directly  through 
the  flesh  and  tissues  at  the  bones  as  readily  as  if  they 
were  bared  of  all  their  coverings  and  spread  out  di- 
rectly before  him. 

A  patient  is  brought  into  the  accident  ward  with  x-ray  aj>- 
a  gunshot  wound.  Instead  of  the  old  and  painful fhcprobe.*' 
probing  for  the  ball,  an  examination  by  the  X-rays 
at  once  locates  its  position  with  certainty.  In  the 
same  way  the  position  of  foreign  metallic  bodies, 
such  as  needles,  which,  as  is  well  known,  slowly 
move  from  one  part  of  the  body  to  another,  can  be 
readily  and  accurately  determined. 

If  it  be  desired  to  obtain  permanent  records  of 
the  position  of  any  foreign  body  located  by  means  of 
the  X-rays,  a  photographic  picture  of  the  bodies 
and  their  surroundings  can  readily  be  obtained  by 
means  of  X-ray  photography. 

All  this  the  doctor  or  surgeon  can  do  by  electric 
means,  and  far  more,  as  will  be  explained  in  greater 
detail  elsewhere. 

Going  now  into  another  calling,  take  an  artisan, 
mechanic  or  laborer.     No  matter  what  his  trade,  Electricity 
it  will  be  strange  if  in  his  daily  work  he  does  not  $  the  ara- 
come  into  frequent  contact  with  electric  devices,  orSScw. 
find  occasion  to  use  all  the  electric  knowledge  he 
may  possess. 

If  he  is  a  bricklayer,  and  engaged  in  laying  a 
pavement  or  street  covering,  he  will,  probably,  be 
cautioned  not  to  permit  his  laborers,  in  getting  the 

Vol.  I.-2 
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excavating  done  and  preparing  the  surface,  to  injure 
giSlSd  ^e  electric  wires  or  conductors  in  the  underlying 
35*5?  te  conduits  or  electric  tubes  placed  under  the  pavements 
conductors.  or  streets.  He  lays  his  bricks  in  the  pavement,  often 
quite  up  against  the  electric  light  poles  or  the  trol- 
ley poles,  with  whose  use  he  is  so  familiar.  Per- 
chance, he  may  be  employed  to  brick  up  a  man-hole 
or  vault  in  a  street  where  a  system  of  underground 
conduits  is  laid.  Then  he  can  see  the  end  of  the 
terra-cotta  tubes,  or  the  rectangular  conduits  formed 
of  creosoted  boards,  or  the  tubular  conduits  formed 
from  creosoted  logs.  He  can  see  the  lead-covered 
cables  that  form  the  conductors  of  the  electric  light, 
power,  or  telephone  circuits,  which  pass  through  the 
underlying  conduits  under  the  different  streets.  Or, 
he  may  see  the  iron-covered  tubes  that  convey  the 
Edison  electric  light  wires  or  conductors. 

Perhaps  he  may  be  employed  in  laying  the  bricks 
Electric     in  the  walls  of  one  of  our  modern  skyscrapers,  or 
S  th?  mod- the  hollow  terra-cotta  tiles  for  its  partition  walls. 
senders.     Here  he  can  hardly  avoid  seeing  the  network  or 
systems  of  conducting  wires  that  are  being  installed 
in  the  more  nearly  completed  portions  of  the  build- 
ing for  electric  light  or  power,  or  for  telegraphic  or 
telephonic  service,  messenger  calls,  fire  or  burglar- 
alarms,  systems  of  thermostatic  regulators,  etc 

If  a  carpenter,  plumber  or  gas  or  steam  fitter,  he 

would  have  in  the  same  building  even  a  better  chance 

to  observe  the  network  of  wires  above  alluded  to. 

If  a  mechanic  in  a  large  up-to-date  machine  shop, 

Electricity  he  would  see  nearly  all  the  machine  tools  driven  by 

in  the  ma-  *  * 

chine  shop,  separate  electric  motors.  He  would  see  heavy  pieces 
of  machinery,  weighing  probably  tons,  readily  lifted 
and  carried  from  one  place  to  another  by  the  use  of 
electrically  operated  travelling  cranes.  Of  course, 
such  a  shop  is  lighted  by  electric  arc  and  incandescent 
lamps,  and  an  electric  locomotive  is,  probably,  em- 
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ployed  to  shift  cars  from  one  part  of  the  works  to 
another  on  the  private  tracks  of  the  shop. 

If  sent  to  erect  and  install  a  system  of  boilers  and 
steam  engines  in  a  large  office  building,  he  will  have 
an  opportunity  to  see  the  dynamos  or  electric  gener-  Electric 
ators,  the  switchboards  with  the  various  electric  in- boardand 
struments  employed  to  indicate  the  pressure,  amount  pSuSf"1* 
of  flow  of  electric  current,  etc.,  while  all  around,  he ^Sebuiid- 
will  see  wires  and  electric  apparatus,  much  of  which ing* 
will  be  unintelligible  to  him,  so  far  as  its  minute  de- 
tails are  concerned,  but  of  the  general  use  of  which 
he  is  fairly  well  informed.     Or,  h$  may  have  an 
occasional  opportunity  to  see  the  electric  plant  in 
his  own  shop,  where  he  may  be  able  more  carefully 
to  study  it  in  detail. 

If  he  be  a  workman  in  a  mill,  say  a  cotton  mill,  Electricity 
in  an  up-to-<Iate  plant  he  will  see  numerous  applica-  JSii£"on 
fcions  of  electricity.  The  building  is  electrically 
lighted,  the  different  machines,  etc,  are  electrically 
driven,  and,  possibly,  even  the  power  required  to  light 
and  drive  the  mill  is  generated  at  a  distant  waterfall, 
and  electrically  transmitted  to  the  mill.  In  this  case 
the  alternating  current  apparatus  is  probably  em- 
ployed, and  a  great  variety  of  apparatus  will  neces- 
sarily be  employed,  such  as  step-up  and  step-down 
transformers,  induction  motors,  rotary  transformers, 
etc. 

If  he  be  a  miner,  say,  in  a  mountainous  district,  Electricity 
several  years  ago  he  would  have  been  in  an  almost m  mining- 
hopeless  location  to  look  for  electric  appliances ;  but 
not  now.  In  an  up-to-date  mining  installation  he 
can  not  fail  to  see  much  that  is  electrical  In  many 
localities  the  situation  of  the  mine  is  such  that  elec- 
tricity is  practically  the  only  power  that  could  be 
employed,  since  in  many  such  localities  wood,  water 
and  coal  are  not  available.  Consequently,  in  such 
a  mine  might  be  found  electrically  lighted  tunnels 
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and  mine  buildings,  electrically  driven  hoists,  pumps, 
drills,  blowers  and  mills,  and  electrically  driven  air 
compressors,  to  furnish  air  for  operating  drills  and 
forges.  In  some  of  the  larger  mines  in  the  Western 
United  States,  the  extent  of  the  electric  plants  re- 
quired to  carry  on  the  different  operations  of  min- 
ing almost  passes  belief. 

But  let  us  again  go  into  an  entirely  different  line 
Electricity  of  work  and  take,  say,  one  of  the  United  States 
modern     marines  on  board  a  modern  warship.     Such  a  worker 
during  a  day's  duties  might  have  an  opportunity, 
should  discipline  so  permit,  for  noting  the  wonderful 
extent  of  the  application  of  the  electrical  sciences  in 
the  floating  sea  terror,  and  he  may  lie  in  his  bunk 
during  his  hours  of  rest  and  be  thankful  for  the  fact 
that,  so  far  as  safety  from  ordinary  leakage  is  con- 
cerned,-the  electric  wires  or  conductors  which  in 
modern  vessels  have  replaced  the  old  steam  pipes, 
require  less  cutting  and  have  weakened  the  water- 
tight compartments  to  a  much  smaller  extent.     Dur- 
ing action,  too,  he  is  less  liable  to  being  boiled  to 
death  by  escaping  steam,  so  dreaded  during  a  sea 
fight  on  the  cutting  of  steam  pipes  by  shot. 
Let  us  now  but  briefly  note  what  the  marine  might 
thecmV2f    see  *n  &**&*  detail.      We  say  "might  see"  ad- 
ci5n^w*on  vise(Uy>  since  to  many  parts  of  the  warship  he  is 
theman-of- necessarily  a  stranger.     In  the  first  place,  he  will 
find  an  electric  generating  plant  that  excites  his  sur- 
prise from  its  size  and  diversity.     Here  he  might 
find  dynamos  for  feeding  incandescent  lamps  for 
general  illumination,  and  arc  lamps  for  the  powerful 
searchlights.     Generators  for  furnishing  currents  to 
the  countless  electric  motors  required  for  turning 
or  elevating  the  turrets,  operating  the  rammers,  or 
the  turret  ammunition-hoists,  for  driving  the  blowers 
required  in  the  system  of  forced  draughts  employed 
on  all  modern  warships,  for  working  the  pumps,  boat 


war. 
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cranes,  capstans,  ash-hoists,  steering  apparatus,  the 
numerous  ammunition-hoists  for  the  batteries,  war- 
ship tools  and  laundry  apparatus,  to  say  nothing 
about  that  required  for  the  portable  fans,  helm  in- 
dicators, and  other  electric  signalling  devices.  In 
addition  to  these,  there  are  the  numerous  telephones,  various 

*  '  alarm  ap- 

call  bells,  buzzers,  together  with  a  fire-alarm  system  gggJJJJ* 
and  the  necessary  annunciators ;  the  electric  thermo- 
stats, general  signal  alarms,  electric  engine-tele- 
graphs, to  indicate  the  need  of  an  increase  or  de- 
crease in  the  number  of  revolutions  per  second,  elec- 
tric lamp  indicators  for  various  purposes,  helm-angle 
indicators,  revolution  and  direction-indicators,  battle 
and  range-order  indicators,  besides  numerous  other 
important  devices,  dependent  for  their  operation  on 
electricity. 

Going  now  into  a  still  different  sphere  of  life,  let 
us  take  the  boy  or  help  on  one  of  our  Western 
farms.  Here  the  opportunities  for  observation  are 
necessarily  limited.  Still,  in  general,  the  boy  knows 
the  telephone  by  actual  use,  and,  in  many  localities, 
he  uses  the  trolley  car,  and  can,  therefore,  see  the 
operation  of  the  dectric  motor,  the  incandescent  elec- 
tric lamps,  and  can  study  out  the  action  of  the  system 
of  feeder  wires,  no  longer  buried  in  underground 
conduits,  as  in  our  large  cities.  Besides  all  this,  he 
lives  in  a  district  where  the  lightning  rod  man  is 
around,  and  he  can  therefore  pick  up  more  or  less 
reliable  information  how  the  particular  rod  each 
vender  recommends  acts  in  diverting  the  dangerous 
bolts  that  may  strike  the  neighborhood  of  the  house 
or  barn  he  is  professedly  so  anxious  to  protect.  Be- 
sides all  this,  he  lives,  perchance,  in  the  neighbor- 
hood of  some  large  town  or  city,  a  visit  to  which 
greatly  increases  the  limits  of  his  possible  studies. 

But  even  our  farm  boy  or  hand,  shut  off  f rom  Electricity 
the  opportunities  above  referred  to,  may  occasionally  on  the  fa™! 
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see  the  palace  cars  on  the  railroad,  with  their  elec- 
tric incandescent  lights,  and  where  this  is  impossible, 
he  can  get  the  newspapers,  or  the  magazines,  that 
teach  him  of  the  electric  wonders  in  the  great  world 
in  the  "east"  or  "furthest  continental  west,"  and  must 
content  himself  to  be  satisfied  for  the  actual  sight  of 
electric  phenomenon,  with  the  occasional  northern 
lights,  or  aurora  borealis,  or  the  more  frequent  light- 
ning bolt,  so  especially  dangerous  when  the  hay  har- 
vest has  just  been  placed  in  the  barn. 

In  order  to  show  the  extent  to  which  electrical 
«i«aricity  doings  and  interests  get  into  our  daily  newspapers, 
daily  news- we  will  take  the  morning's  issue  of*  a  representative 

paper,  %^  * 

paper,  say  the  "Sun"  of  New  York  City,  and  call 
attention  briefly  to  some  of  the  matter  contained 
therein. 

Among  the  advertisements  we  find  one  from  the 
United  States  Government,  asking  for  proposals  for 
an  electric  power  plant  in  one  of  its  public  buildings ; 
also  a  notice  of  a  $750,000  installation  of  a  mill, 
cyanide  plant,  water  works,  and  electric  plant,  for 
the  famous  Tonopah  Gold  Mines  in  Nevada. 

As  one  of  the  many  straws  that  show  the  direction 
of  the  financial  currents  as  to  large  investments  in 
electrical  interests  is  the  declaration  of  a  regular 
commer-  quarterly  dividend  by  the  Commercial  Cable  Com- 
company.  pany.  This  is  the  company  that  controls  the  Mackay- 
Bennett  cables.  It  is  a  corporation,  organized  under 
the  laws  of  the  State  of  New  York,  and  owns  and 
operates  the  three  trans-Atlantic  cable  lines,  and 
their  connecting  cables,  between  Ireland  and  France, 
and  Nova  Scotia  and  New  York,  with  a  total  length 
of  cables  of  9,110  miles.  In  January  of  1897,  this 
company  purchased  the  land  lines  of  the  Postal 
Telegraph  Cable  Company,  a  concern  that  then  had 
under  its  organization  some  117,000  miles  of  land 
service.     The  stock  issue  of  this  company  is  $10,- 
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000,000.  It  has  a  funded  debt  of  some  $18,000,000 
under  an  issue  of  bonds  amounting  to  $20,000,000,  ?2SgraPh 
authorized  for  the  purpose  of  merger  with  the  Postal  £*„£  Com" 
Telegraph  Cable  Company.  Of  this  issue,  $15,000,- 
000  in  bonds  were  in  exchange  for  the  Postal  Com- 
pany's shares,  and  $5,000,000  were  reserved  for  the 
extension  of  the  telegraph  system.  We  give  the 
above  figures  merely  to  show  the  extent  of  the  finan- 
cial interest  of  companies  that  are  purely  electrical. 

There  is  to  be  found  the  announcement  of  a  divi- 
dend by  the  Western  Union  Telegraph  Company. 
This  is  a  still  greater  giant  among  electric  corpora- 
tions. Its  capital  stock  in  1900  was  $97,370,000. 
This  company  in  1898,  had  in  operation  189,856 
miles  of  poles,  on  which  were  strung  904,633  miles 
of  conducting  wires.  It  did  a  business  for  that  year 
of  61,398,157  telegraphic  messages,  for  which  it  re- 
ceived $23,954,312.  Since  these  messages  cost  the 
company  $18,085,579,  the  profits  were  $5,868,732. 

The  extent  to  which  the  electric  light  and  the  tele- 
phone are  introduced  into  modern  dwellings  and 
hotels  will  be  seen  from  the  many  advertisements 
of  houses  for  sale  or  rent,  specifying  that  electric 
lighting  and  telephones  are  installed  on  the  prem- 
ises. 

In  some  brief  notes  on  naval  progress,  reference 
is  made  to  the  searchlights  on  several  United  States  Electric 

rp,  .    .  ..   |  searchlight. 

cruisers.  The  same  paper  contains  an  article  on  a 
safety  dress  for  electricians,  invented  by  Siemens  & 
Halske.  This  dress  is  designed  to  protect  the  wearer 
from  the  deadly  effects  of  high-voltage  discharges. 

An  article  on  the  X-ray  apparatus  and  its  installa- 
tion in  New  Orleans  calls  attention  to  the  effect  on 
the  proper  working  of  the  electric  apparatus  pro- 
duced by  excessive  moisture. 

As  showing  the  extent  to  which  electric  apparatus 
has  spread  to  practically  the  remotest  ends  of  the 
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earth,  we  note  a  description  of  the  unique  city  of 
Dalny,  near  the  Pacific  Ocean,  in  Russian  Siberia. 
"The  unique  thing  about  this  new  city  is  that  it 
RusSSn  begins  its  municipal  life  with  all  modern  improve- 
sibcria.  ments.  There  are  piers  of  stone  and  cement;  a 
large  breakwater,  with  no  ships  to  seek  refuge  be- 
hind it.  The  streets  are  graded  and  paved,  although 
there  is  no  traffic  for  them  as  yet.  The  different 
quarters  of  the  town  have  been  laid  out,  space  pro- 
vided for  parks,  schools,  churches,  etc.  Gardeners 
are  already  beautifying  the  parks.  Electric  lights 
and  electric  railways  are  already  in  operation.  As 
yet  not  a  foot  of  land  has  been  sold,  although  over 
$6,000,000  have  been  expended  for  improvements 
and  public  buildings.  The  population  now  exceeds 
50,000,  23,000  of  whom  are  employed  in  building 
the  railroad,  which  is  to  be  owned  by  the  Russian 
Government." 

The  demands  made  by  the  Twentieth  Century  for 

No  danger  cheap  electric  power  are  now  so  great  that  a  corre- 

raiSS?1*  spondent  inquires  whether  any  danger  exists  from  so 

dry  yet.      tnuc\l  0f  the  water  of  Niagara  Falls  being  diverted 

for  the  driving  of  water  wheels  connected  to  electric 

generators  as  to  cause  the  falls  to  run  dry. 

The  above  are  but  some,  but  by  no  means  all,  of 
the  references  in  a  single  issue  of  the  daily  newspaper 
above  referred  to.  We  might  give  more  from  this 
issue,  but  the  above  will  suffice. 

It  appears,  then,  that  in  every  walk  of  life  a  knowl- 
edge of  electricity  that  is  by  no  means  limited  to 
mere  superficiality  is  necessary  in  order  to  talk  or 
to  read  intelligently,  even  for  those  who  do  not  in- 
tend to  become  directly  interested  in  its  practical 
applications.  A  knowledge  of  the  more  important 
electric  phenomena,  of  the  laws  which  govern  them, 
and  of  the  manner  of  operation  of  their  more  impor- 
tant applications,  can  be  acquired  by  the  general 
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public  without  any  previous  acquaintance  with  the 
higher  mathematics,  or  any  college  or  high  school 
training.     It  is  the  object  of  this  book  to  impart  to  owe*  of 
the   general   public   that  knowledge   in   electricity  in  Bwy-„y 
which  it  should  have,  and  to  make  this  knowledge  *y 
as  full  and  complete  as  may  be  possible. 


FIRST   PART 

THE    GENERATION    OP    ELECTRICITY    AND 

MAGNETISM 


I 

ELECTRICITY   OF    HIGH    ELECTRO- 

MOTIVE    FORCE 

CHAPTER   I 

THALES    AND    THE    RUBBED    AMBER — SOME    EARLY 

HISTORY    OF    ELECTRICITY 

"We  will  concern  ourselves  only  with  the  greatest,  the 
epoch-making  men,  to  whose  life  and  work  we  and  all  who 
come  after  them  owe  so  much.  Such  a  man  was  Thales." — 
Pioneers  of  Science:  Oliver  Lodge.  ' 

THE  wonderful  extent  to  which  electricity  enters 
into  our  every-day  life,  as  briefly  set  forth  in 
the  introductory  matter  to  this  book,  would 
naturally  lead  one  to  believe  that  the  existence  of  the 
electric  force  must  have  been  known  in  very  ancient 
times.     In  point  of  fact,  however,  electricity  is  es-  Electricity 

*  '  '  j  a  compara- 

sentially  a  science  of  a  comparatively  recent  date.  Jj3^|y 
The  mighty  force  of  electricity  is  so  constantly  mani- 
festing itself  in  natural  phenomena,  and,  moreover, 
is  so  readily  produced,  that  it  seems  incredible  that 
the  ancients  should  have  failed  to  acquaint  them- 
selves, at  an  early  age,  with  at  least  its  fundamental 
laws.  It  is  true  that  some  600  years  before  the 
Christian  Era  it  was  known  that  a  bit  of  amber,  when 
rubbed  briskly  against  the  clothing,  acquired  the 
curious  power  of  attracting  or  drawing  to  it  such 
light  bodies  as  bits  of  straw  or  feathers.  There 
were  acute  observers,  in  those  early  days,  with  more 
or  less  trained  eyes,  but  here,  they  were  eyes  that 
saw  not.  They  attempted  no  reasonable  explanation 
of  the  amber  phenomenon,  and  thought  so  little  of 
its  importance  that  it  was  soon  completely  forgotten. 

(31) 
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The  pioneer  discoverer  of  the  electric  power  of 
Tju*».      rubbed  amber  was  a  Greek  named  Thales,  born  at 
Miletus,  641  b.c.     Thales  was  a  learned  man.    He 
may  properly  be  called  both  a  mathematician  and 
physicist,  since  he  made  original  investigations  and 
discoveries  in  geometry,  and  was  sufficiently  far 
advanced  in  astronomy  to  be  able  correctly  to  pre- 
dict the  day  and  hour  of  a  total  eclipse  of  the  sun. 
He  spent  some  time  in  Egypt,  from  which  country  it 
is  possible  that  he  may  have  brought  his  knowledge 
of  the  curious  property  of  rubbed  amber,  since  we 
Knowledge  have  reasons  for  believing  that  both  the  Egyptians 
Sa^hS*  an(*  *^e  Chaldeans,  at  this  time,  had  acquired  a 
deans.       fairly  considerable  knowledge  of  the  phenomena  of 
nature.    A  portrait  of  Thales  is  shown  in  Fig.  1. 

How  little  did  the  favored  few  to  whom  Thales 
showed  this  curious  phenomenon  understand  its 
mighty  significance.  How  little  did  they  appre- 
ciate that  it  was  a  slumbering  giant  who  was  about 
to  be  aroused,  and  not  an  insignificant  pygmy.  In- 
Thaiesap-  deed,  Thales  himself  does  not  seem  to  have  under- 

parently  ' 

JgJS^JJJl,  stood,  even  to  a  limited  degree,  the  vast  importance 
SSn*™"  °*  the  physical  fact  he  was  the  first  to  observe.  Con- 
sequently, observation  failed  to  lead  to  any  prac- 
tical results.  Very  little  was  thought  of  it  by  his 
contemporaries.  Indeed,  it  was  so  imperfectly  re- 
corded, that  some  pessimistic  critics  of  to-day  are 
not  unwilling  to  cast  doubts  as  to  whether  Thales 
ever,  in  point  of  fact,  made  such  a  discovery. 

Scheherazade,  in  the  Arabian  Nights,  tells  the  Sul- 
tan a  charming  story  of  a  certain  Aladdin,  only  son 
of  a  poor  widow  in  one  of  the  provinces  of  China, 
who  came  into  the  possession  of  a  priceless  talisman 
3e*riX?fin  the  shape  of  a  magic  lamp.  If  the  fortunate 
owner  of  this  talisman  but  rubbed  the  lamp,  a  Genie 


TSALB8  A&B    TSE  &UB&EB    AMBER 


Via.  i.— Tbila,  me  of  the  men  iriae  1MB  of  GrwDe:  rtp 

recorded  electric  phenomenon.     Bom  6*1  b.c,  died  j6j  aj;.     Taken  Jrom  "Hiuoirc 
de*  PMIoMpht*  AnfiieDH,"  Purit,  1771. 
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instantly  appeared  and  asked :  "What  wouldst  thou 
have?  I  am  ready  to  obey  thee  as  the  slave  of  the 
lamp,  I  and  the  other  slaves  of  the  lamp" ;  and,  no 
matter  what  the  demand,  the  story  goes  on  to  re- 
late, it  was  instantly  obeyed.  Nothing  was  beyond 
its  marvellous  power.  If  Aladdin  so  commanded, 
he  was  instantly  transported  beyond  the  summits 
of  the  highest  mountains  in  China.  If  he  so  de- 
sired, he  was  able  to  hear  the  faintest  whispers, 
even  though  they  were  uttered  hundreds  of  miles 
woncfirfui  away.  At  his  command,  the  choicest  riches  of 
lamp.        ^  pjjysi^  world  were  laid  at  his  feet,  night  was 

turned  into  day,  heavy  loads  were  transported 
through  great  distances,  and  both  time  and  space 
annihilated.  As  we  read  the  story  we  are  unable 
to  suppress  the  desire  to  possess  so  valuable  a  talis- 
man. With  such  aid  at  one's  command  what  might 
not  be  accomplished  ?  Happy  age  that  possesses  the 
help  of  such  giant  genii  as  those  of  Aladdin's  lamp ! 
What  gigantic  strides  in  the  arts  and  sciences,  in 
commerce,  and  in  short  in  everything  that  tends  to 
make  man's  life  both  profitable  and  happy  would 
necessarily  be  made! 

But  what  had  Thales  done?  He  had  electri- 
tril^by*0"  fied  the  amber  by  rubbing  it.  He  had  discovered 
rubbing.     ^e  means  whereby  man  could,  at  will,  cause  a 

hitherto  undetected  and  powerful  force  to  appear; 
a  force  which,  as  we  now  well  know,  is  capable  of 
doing  mighty  things.  He  had  opened  a  door  through 
which  he  might  have  seen  some  of  the  wonders  and 
glories  of  a  new  realm  of  nature,  but  he  saw  them 
not. 

That  little  piece  of  amber  rubbed  by  Thales,  some 
2,500  years  ago,  appeared  then  to  be  very  insignifi- 
cant    Had  the  world  but  known,  it  was  fraught 
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with  vast  possibilities;  for,  in  point  of  fact,  Thales 
had  unconsciously  rediscovered  Aladdin's  Wonder- 
ful Lamp.  As  he  nibbed,  the  Genie  of  electricity 
appeared,  and  demanded,  "What  wouldst  thou  have? 
I  am  ready  to  obey  thee  as  the  slave  of  the  lamp,  I 
and  the  other  slaves  of  the  lamp."  But  the  question 
remained  unanswered  Neither  Thales  nor  the  wit-  Powerful 
nesses  of  his  experiment  made  any  request  nor  asked  fuStricity. 
its  genii  to  aid  them.  They  had  ears,  but  they  heard 
not,  and  so  the  genie  disappeared,  with  all  that  he 
was  both  willing  and  able  to  do  left  undone. 

In  a  later,  happier  age,  however,  the  genie  of  elec- 
tricity is  not  invoked  in  vain.  "  What  would  I  have  ?" 
says  the  modern  owner  of  the  lamp.  "I  command 
thee  as  the  slave  of  electricity  that  thou,  or  some 
other  of  the  slaves  of  electricity,  transport  me  in  the 
twinkling  of  an  eye  from  New  York  to  Chicago"; 
and,  immediately,  through  the  agency  of  the  tele- 
phone, the  command  is  obeyed,  and  the  task  accom- 
plished. At  the  same  command,  the  genii  of  elec- 
tricity are  ready  to  turn  night  into  day,  haul  heavy  JSlfof the 
loaded  cars  through  streets,  over  mountains  andelectncity' 
plains,  carry  our  thoughts  from  continent  to  con- 
tinent across  the  ocean's  bed,  or  waft  them  across 
wireless  space  from  shore  to  shore.  They  are  ready 
with  their  giant,  though  unseen,  hands  to  drive  the 
machinery  of  our  great  mills  and  manufactories, 
even  though  compelled  to  reach  over  transmission 
lines  hundreds  of  miles  in  length.  They  are 
ready  to  heat  our  houses,  cook  our  meals,  cure 
our  diseased  bodies,  and  to  do  much  else  at  the 
bidding  of  their  masters.  Is  it  any  wonder  that 
the  world  has  made  such  giant  strides  in  the  use- 
ful arts  and  sciences,  when  such  powerful  genii 
are  ready  to  obey  its  will  without  hesitation  or 
questioning? 
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The  phenomena  of  lightning  and  thunder  were 
Saof0*"   necessarily  well  known  both  to  Thales  and  contem- 
itrogj?^   porary  philosophers.    The  Etruscans,  as  early  as 
*£*tru*   600  years  b.c,  had  carefully  observed  such  phe- 
nomena, and  had  divided  lightning  strokes  into  those 
which  come  from  the  earth  and  those  which  come 
from  the  sky.    They  noted  the  fact  that  the  former 
rose   perpendicularly,   and   that  the  latter   struck 
obliquely.    They  even  claimed  to  be  able  to  draw 
lightning  down  from  the  sky.     Nevertheless,  they 
apparently  remained  in  profound  ignorance  of  any 
cuatific*  of  the  physical  properties  of  lightning,  and  naturally 
u^tSinjr    failed  to  connect  lightning  with  the  bit  of  rubbed 
t&ltaMiu.  amber.    The  Romans  recognized  two  varieties  of 
lightning,  those  of  the  day,  which  they  attributed 
to  Jupiter,  and  those  of  the  night,  which  they  at- 
tributed to  Symmanus.     It  is  stated  that  during  the 
Ktnucaas   siege  of  Rome  by  Alaric  some  Etruscans  informed 
%£n  p£fe£  the  prefect  of  the  city  that  they  had  seen  cities  pro- 
tected by  lightnings  and  whirlwinds  of  fire,  drawn 
down  from  the  sky,  which  destroyed  their  enemies, 
and  that  they  could  do  the  same  for  Rome,  but, 
after  repeated  trials,  they  utterly  failed  to  fulfil  their 
promises. 

Bible  refer.     Even  long  before  the  time  of  the  Etruscans  we 

fighfning    have  records  of  both  lightning  and  thunder.    The 

Ser.   un"    Bible  makes  such  reference  as  early  as  the  days  of 

Moses,  1491  b.c,  as  follows :  "And  it  came  to  pass  on 

1491  b.c     the  third  day,  in  the  morning,  there  were  thunders 

and  lightnings,  and  a  thick  cloud  upon  the  mount, 

and  the  voice  of  the  trumpet  exceeding  loud,  so  that 

all  the  people  that  were  in  the  camp  trembled" 

I ?b .  *      (  Exodus  xix.  16) .  Even  at  a  much  earlier  date,  1 540 

b.c,  we  find  the  following  almost  prophetic  saying 

of  Job :  "Canst  thou  send  lightnings,  that  they  may 

go  and  say  unto  thee  'Here  we  are  V  "  (Job  xxxviii. 


I54O  B.C. 
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35) ;  or,  as  is  still  more  significant  in  the  original 
Hebrew,  "Behold  us."  Later,  in  the  days  of  Jere- 
miah, 595  b.c,  we  have,  "When  he  uttereth  his 
voice,  there  is  a  multitude  of  waters  in  the  heavens ; 
and  he  causeth  the  vapors  to  a&cend  from  the  ends 
of  the  earth;  he  maketh  lightnings  with  rain,  and 
bringeth  forth  the  wind  out  of  his  treasures"  ( Jere-  jeremuh, 
miah  li.  16).  There  are  many  other  references  in595*0, 
the  Bible,  but  those  already  given  will  suffice. 

It  was,  however,  one  thing  to  have  known  the 
phenomena  of  lightning  and  thunder,  and  another 
to  have  demonstrated  their  cause  to  be  the  passage  The 
of  electric  discharges  through  the  atmosphere,  as  was  retried** 
afterward  done  by  Franklin,  at  a  much  later  dateno^cioS^ 
(a.d.  1752).     Thales'  observation,  therefore,  about 
600  b.c,  remains  the  world's  first  recorded  electric 
phenomenon.     It  was,  perhaps,  as  great  a  discovery 
as  has  ever  been  made  in  the  physical  world,  at  least, 
so  far  as  its  significance  is  concerned.     But,  for  some 
reason  or  other,  it  utterly  failed  to  bear  fruit,  and 
was  so  completely  forgotten  that,  when  Theophras-Theophn*. 
tus,  about  321  B.C.,  discovered  that  a  mineral  called     *"  " ' 
lyncurium,  which  is  believed  to  be  either  tourmaline 
or  the  hyacinth,  when  rubbed  acquires  the  power  of 
attracting  light  bodies,  the  announcement  seemed  like 
that  of  an  entirely  new  discovery. 

Theophrastus'  discovery  shared  the  same  fate  as 
that  of  Thales,  and  failed  to  produce  practical  re- 
sults. It  was  not  until  a  much  later  date,  a.d.  1600,  JjjJJ1^ 
that  Dr.  Gilbert,  physician  to  Queen  Elizabeth,  re- 
peated these  early  experiments  and  added  a  number 
of  substances  besides  amber  and  lyncurium  that 
were  capable  of  producing  similar  results.  From 
this  time  the  science  of  electricity  may  be  said  to 
have  had  its  true  birth. 
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Ideoelec- 
tricsor 
electrics, 
and  anelec- 
tries  or 
non-elec- 
trics. 


Tiberius 
Cavallo — 
quotation 
from. 


Bacon, 
Boyle, 

Guericke, 
Newton  and 
Hawkesbee 


Cavallo's 
idea  of  the 
beginning 
of  the 
flourishing 
era  of  elec- 
tricity. 


Among*  the  other  substances  found  by  Gilbert  to 
possess  properties  similar  to  amber  and  Iyncurium 
when  rubbed  may  be  mentioned  the  diamond,  sap- 
phire, rock-crystal,  sulphur,  resin  and*  sealing-wax. 
Gilbert  called  such  substances  ideoelectrics,  or  simply 
electrics,  from  the  Greek  word  elektron,  or  amber, 
and  in  this  way  the  name  electricity  came  to  be  ap- 
plied to  the  cause  or  agency  which  produced  the 
phenomena.  After  Gilbert's  time  numerous  inves- 
tigators appeared,  but  it  will  be  impracticable  to 
take  them  up  in  Retail,  though  some  references  will 
be  made  to  many  of  them  in  describing  electric 
phenomena.  For  the  present  k  will  suffice  to 
quote  the  following  from  a  book  by  Cavallo,  pub- 
lished in  London  in  1795: 

"After  Gilbert,  the  science  advancing,  although 
by  small  degrees,  passed,  as  it  were,  from  infancy  to 
puerility ;  many  an  excellent  philosopher  undertaking 
to  examine  nature  in  this  walk :  such  was  Sir  Francis 
Bacon,  Mr.  Boyle,  Otto  Guericke,  Sir  Isaac  Newton, 
and  most  of  all,  Mr.  Hawkesbee,  a  person  to  whom 
we  are  much  indebted  for  many  important  discov- 
eries, and  a  real  advancement  of  Electricity.  Mr. 
Hawkesbee  was  the  first  who  observed  the  great  elec- 
tric power  of  glass;  a  substance  that,  since  his  time, 
has  been  generally  used  by  all  electricians,  in  pref- 
erence to  any  other  electric.  He  first  remarked  va- 
rious appearances  of  the  electric  light,  and  the  noise 
accompanied  with  it,  together  with  a  variety  of  phe- 
nomena relating  to  electric  attraction  and  repulsion. 

"After  Mr.  Hawkesbee,  the  science  of  Electricity, 
however  hitherto  advanced,  remained  for  about 
twenty  years  in  a  state  of  quiescence,  the  attention 
of  philosophers  being  at  that  time  engaged  in  other 
philosophical  subjects,  which,  on  account  of  the  new 
discoveries  of  the  incomparable  Sir  Isaac  Newton, 
were  then  greatly  in  repute.     Mr.  Gray  was  the  first, 
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after  this  period  of  oblivion,  to  bring  the  science 
again  to  light.  He,  by  his  great  discoveries,  rein- 
troduced it  to  the  acquaintance  of  philosophers,  and 
from  him  the  true  flourishing  era  of  Electricity  may 
be  said  to  take  its  date." 

A  method  of  ascertaining  whether  a  rubbed  body 
has  acquired  electric  excitement  is  to  employ  a 
simple  piece  of  apparatus  called  the  electric  pendu-piSSHLn. 
lum.     This  consists  of  a  small  ball  of  elder  pith, 
suspended  by  a  thread,  as  shown  in  Fig.  2.     When 


Pig.  a.— The  Electric  Pendulum.  Note  the  attraction  of  the  pith  ball,  that 
indicating  the  electrification  of  the  appended  rod.  Note  also  the  glass  aup- 
ports  provided  to  prevent  the  escape  of  the  electric  charge. 

we  approach  a  rubbed  body,  say  a  rod  of  seal- 
ing-wax, or  a  glass  tube,  to  the  pith  ball,  if  attrac-  • 
tion  follows,  as  is  indicated  in  the  figure  by  the  pith 
ball  being  deflected  from  its  former  position  verti- 
cally below  the  point  of  attachment  of  the  supporting 
thread,  the  rod  of  sealing-wax,  or  the  glass  rod, 
is  correctly  judged  to  have  been  electrified  by  fric- 
tion. 

There  were  many  substances,  such  as  the  metals,  in 
which  Gilbert  was  unable  to  produce  any  electric 
effects  by  rubbing  or  friction,  while  holding  them  in  stances 
his  hand.     These  he  called  anelectrics,  or  non-elec- e  ectnc8* 
tries.     It  is  now  well  known  that,  in  such  cases,  elec- 
tricity was  produced  by  the  friction,  but  was  imme- 
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diately  conducted  away  and  dissipated;  that  such 
substances,  if  mounted  can  glass  handles,  are  readily 
excited  by  friction.  In  other  words,  electricity  can 
tie  produced  in  all  substances  by  friction. 

Electricity  produced  in  this  manner  by  friction  was 
formerly  called  fractional  electricity  in  order  to  dis- 
ttonofd£ tinguish  it  from  theoiKHelectricity,  or  electricity  pro- 
tncity-  duced  by  heat ;  voltaic-electricity,  or  electricity  pro- 
duced by  the  voltaic  pile ;  magneto-electricity,  or  elec- 
tricity produced  by  magnetism ;  and  vital  electricity, 
or  electricity  produced  in  the  bodies  of  living  plants 
or  animals.  These  terms,  though  convenient  as  in- 
dicating the  source  of  the  electricity,  are  generally 
falling  into  disuse,  since,  as  is  now  well  known,  no 
matter  what  its  origin,  all  electricity  is  one  and  the 
same,  differing  only  in  certain  well  known  ways, 
which  will  afterward  be  explained. 

Excited  Bodies  in  which  electricity  has  t>een  produced  in 

bodiC8-      any  way,  as,  for  example,  by  friction,  are  said  to 

be  excited  or  electrified,  and  the  process,  or  means 
Etectrifica-  ^  ^kh  this  excitement  has  been  produced,  is  called 

electrification. 
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CHAPTER    II 

ATTRACTION     AND     REPULSION — CONDUCTORS     AND 
NON-CONDUCTORS — SOME    OLD    THEORIES 

OF    ELECTRICITY 

•  "No  one  supplied  Gray  with  means,  pecuniary  or  otherwise, 
for  the  prosecution  of  his  work,  but  that  did  not  trouble  him. 
There  were  his  fishing  rods,  and  his  canes,  the  kitchen  poker, 
and  cabbages  and  pieces  of  brick ;  hemp  twine  was  cheap,  and 
by  getting  along  with  them,  he  could  economize  sufficiently  to 
acquire  the  more  expensive  part  of  his  apparatus,  a  little  silk 
and  a  few  glass  tubes.  If  a  suspended  boy  was  wanted,  no 
doubt  there  were  plenty  of  Grey  Friars'  lads  willing  enough 
to  undergo  the  astonishing  experiences  which  the  old  brother 
contrived  for  them."-— The  Intellectual  Rise  of  Electricity: 
Pabk  Benjamin. 

A  DRY,   hard-rubber   comb,   which  has   been 
slightly  warmed  to  drive  off  the  film  of 
moisture,  that  is  apt  to  adhere  to  its  surface, 
if  briskly  rubbed  with  a  warmed,  dry,  silk  handker- 
chief, will  become  electrified,  and,  like  the  rubbed 
amber,  will  attract  light  bodies.     Moreover,  if  theg2»ej£. 
air  be  dry,  when  brought  near  the  face  the  comb  will  SSSrmI& 
cause  a  creeping  sensation,  as  though  cobwebs  were  bodies- 
touching  it.     A  knuckle  of  the  hand,   when  ap- 
proached to  the  comb,  will  occasion  crackling  sounds 
to  be  heard,  and,  in  the  dark,  faint  bluish  sparks  will 
be  seen  to  pass  between  the  comb  and  the  hand.    All 
these  effects  are  due  to  the  discharge  of  the  electricity 
produced  on  the  comb  by  friction. 

A  rod  of  dry  glass',  or  a  stick  of  sealing-wax, 
rubbed  briskly  with  a  silk  handkerchief,  is  readily 
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Attraction  electrified,  and,  if  brought  near  small  shreds  of  dry 
b^JTeuSc8-  V&Vtt*  or  particles  of  dried  chaff,  preferably  laid  on 


tnfied  rod. 


Fig.  3.— Effects  of  Electrified  Rod.  The  approach  of  the  rod  causes  an 
active  motion  in  the  small  particles  of  paper,  which  move  rapidly  between 
the  rod  and  a  sheet  of  paper  on  which  they  rest. 


a  sheet  of  dry  paper,  will  cause  their  attraction  as 
shown  in  Fig.  3. 

But  attraction  is  not  the  only  effect.  It  will  be 
noticed,  in  all  cases  of  electric  attraction,  that  the 
attracted  bodies,  as  soon  as  they  touch  the  electri- 


Fig.  4.— Electric  Pendulum,  showing  electric  repulsion.  Compare  this 
with  Fig.  a,  and  note  that  in  electric  attraction  the  pith  ball  is  drawn  or 
pulled  up  from  its  vertical  position  when  at  rest,  while  in  electric  repulsion 
it  is  pushed  up  from  such  vertical  position. 


fied  body,  are  driven  away  or  repelled  from  it.  This 
is  especially  noticeable  in  the  case  of  the  electric 
pendulum  shown  in  Fig.  2.     As  soon  as  the  pith 
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ball  touches  the  electrified  body  it  is  repelled,  as- 
suming the  position  shown  in  Fig.  4,  being  now 
driven  away  from  the  approached  electrified  body. 

All  substances,  whether  solids,  liquids,  or  gases, 
can  be  electrified  by  friction,  although  it  is  much 
easier  to  produce  electricity  in  some  substances  than 
in  others.     The  metals,  for  example,  which  Gilbert 
thought  incapable  of  electrification,  readily  manifest 
electric  effects  if  rubbed  when  mounted  on  glass 
handles.    When  a  glass  rod  or  a  stick  of  sealing-wax  conductors 
is  rubbed,  only  the  part  rubbed  is  electrified;  the "«!&&£. 
parts  not  rubbed  remain  unelectrified,  and  are  unable  tion.  y  no" 
to  produce  either  attraction  or  repulsion ;  moreover, 
if  touched,  such  bodies  only  lose  a  portion  of  their 
charge.     But  when  a  metallic  body  is  electrified  on 
any   part  of   its  surface,   the  electricity  instantly 
spreads  over  all  remaining  parts  of  its  surface,  and, 
if  touched  by  a  metallic  body  connected  to  the 
ground,  the  charged  body  instantly  loses  all  traces  of 
electrification.   In  other  words,  metallic  bodies  con- conductors 
duct  electricity,  while  glass  and  sealing-wax  do  not  cooducton. 
conduct  it.     All  substances  may  be  divided  into 
conductors  of  electricity  and  non-conductors  of  elec- 
tricity.    When  a  conductor  of  electricity  is  sup- 
ported on  a  non-conductor  it  is  said  to  be  insu-      , 
lated.     Non-conductors   are,   therefore,   also  called 
insulators. 

The  discovery  of  the  conducting  and  non-conduct-  J^jgr 
mg  power  of  different  substances  was  made  in  1729,  conducting 
by  an  Englishman  named  Stephen  Gray,  a  fellow  of  conducting 
the  Royal  Society,  and  connected  with  the  famous 
old  Grey  Friars'  School.  Gray  found  that  an  excited 
glass  tube  readily  transmitted  its  charge  to  a  metallic 
ball  suspended  from  one  end  of  the  tube  by  threads  of 
linen,  hemp,  or  by  metallic  wires,  but  failed  to  do 
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so  when  suspended  by  a  thread  of  silk.  In  order  to 
readily  determine  whether  the  ball  was  charged 
he  held  it  over  light  objects  and  noted  whether 
they  were  attracted  or  not.  Linen  and  metal,  there- 
fore, conduct  electricity,  and  silk  does  not. 

By  suitably  supporting  a  hempen  thread  by  means 

of  silk  thread,  Gray  was  able  to  transmit  electricity 

through  it  for  a  distance  of  886  feet.     Gray  proved 

mSSonanthat  the  human  body  is  a  conductor  of  electricity  by 

electrified   SUSpCndjng  a  boy  by  means  of  silken  cords.     Under 

these  circumstances,  when  any  part  of  the  boy's  body 
was  electrified,  sparks  could  be  drawn  and  electrical 
effects  obtained  from  any  other  part  of  the  body. 
This  is  shown  in  Fig.  5,  by  the  quaint  picture  of  an 
early  experimenter  and  his  audience  taken  from  an 
old  French  book. 

Substances  differ  greatly  in  their  ability  to  con- 
duct electricity.  All  substances,  even  those  called 
non-conductors,  have  some  little  conducting  power 
for  electricity,  and  all  conductors  offer  some  resis- 
tance to  the  passage  of  electricity,  or  act  to  some 
ppweraof  extent  as  insulators.     In  the  following  table,  the 

electric  con-  -  «     .  ,   • 

auction  and  names  of  some  common  substances  are  arranged  in 
SSSfonV  the  order  of  their  ability  to  conduct  electricity.  The 
re  YC'  good  conductors,  therefore,  come  first  in  the  list,  and 
the  poorer  conductors  last.  But  such  a  list  may  be 
read  from  the  bottom  upward  as  a  list  of  non-con- 
ductors. In  either  case,  the  partial  conductors,  or 
the  partial  insulators,  will  occupy  an  intermediate 
position. 


Metals 
List  of  coo-  Well  burned  charcoal 

doctors.  Graphite 

Acids 

Water 

The  human  body 


►  Conductors 


IRESHING   MACHINE 


"ploti  [0  eleclric  vehicles. 
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itlng  power  of  the  hunu  body.  Note  the  el 
•park  being  drawn  front  tan  boy 'i  dim,  alao  the  attraction  oi  toe  pith  ball!  to  hi 
hand  held  over  the  mull  table.  Note  alto  tbe  elan  rod  held  in  the  band  of  the  lee 
and  naed  to  electrify  the  boy. 
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Cotton  | 

Alcohol  and  ether  ' 
Dry  wood 
Paper  J 

Oils 

Porcelain 

Silk 

Gutta-percha 

Shellac 

Ebonite 

Paraffine 

Glass 

Air 


Partial  conductors 


N  on-conductors 


The  differences  in  the  conducting  power  of  dif- 
ferent substances  is  due  to  what  is  called  their  elec- 
tric resistance.  In  good  conductors  this  resistance 
is  small :  in  non-conductors  it  is  great.  The  electric 
resistance  of  all  bodies  increases  with  their  length, 


a   b  f        •   / 

Fig.  6.— Electric  Resistance.  Note  here  tnat  li 
umc  refinance  u  i  copper  rod  ol  the  same  ten) 
crow-tcctlon  all  end  one-hall  timet  greater. 


U  have  an  area  ol 


influence  of  and  decreases  with  their  area  of  cross-section.  Thus 
tcS^ra-"*'  at  A,  Fig.  6,  the  copper  rod  a,  of  the  same  thickness 
uature'S  and  area  of  cross-section  as  the  copper  rod  b,  but 
onntheir°™  twice  its  length,  has  twice  the  resistance.  If  these 
"  rods  be  cut  in  half,  the  resistance  of  each  half 
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will  thereby  be  made  half  what  it  originally  was. 
At  B,  if  the  copper  rod  c  has  the  same  length  as  the 
copper  rod  d,  but  four  times  the  area  or  cross-sec- 
tion, it  will  have  a  resistance  but  one-fourth  that  of 
d.  At  C,  are  two  rods  of  the  same  length  and  thick- 
ness, but  one,  e,  is  of  copper,  while  the  other,  /,  is  of 
iron.  Here  the  resistance  of  the  iron  rod,  at  ordi- 
nary temperature,  is  some  six  and  a  half  times 
greater  than  that  of  the  copper  rod.  In  other  words, 
the  resistance  of  a  rod  of  iron  of  a  given  length  and 
area  of  cross-section  is  six  and  a  half  times  greater 
than  that  of  a  rod  of  copper  of  the  same  dimensions. 
This  is  called  the  specific  resistance,  or  resistivity .  SS2£« ioCr" 
At  D,  the  rods  g  and  h  are  both  of  copper,  and  have  rC8i8tivit>r- 
the  same  length  and  area  of  cross-section,  but  g, 
which  is  hot,  has  a  resistance  somewhat  greater  than 
h,  which  is  cold. 

The  practical  unit  of  electric  resistance  is  called 
the  ohm,  from  Dr.  Ohm,  a  famous  German  elec-  Dr.  ohm. 
trician.    The  ohm  is  the  resistance,  at  the  tempers^ 
ture  of  melting  ice,  of  a  column  of  pure  mercury, 
whose  length  is  106.3  centimeters,  and  whose  area  Seuni?3r" 
of  cross-section  is  one  square  millimeter.     Roughly,  SSS^r 
the  ohm  is  the  resistance  of  two  miles  of  ordinary thc  ohm* 
copper  trolley  wire;  or,  it  is  the  resistance,  at  the 
temperature  of  forty-five  degrees  Fahrenheit,  of  one 
foot  of  a  very  thin  pure  copper  wire  called  number 
40,  of  the  American  wire  gauge. 

An  electrified  body  is  said  to  possess  an  electric  Electric 
charge.     When  an  electrified  body  is  brought  i«tod^fr|J!? 
contact  with  a  conductor  it  loses  its  charge  and  is 
said  to  be  discharged.     An  electric  discharge  pro- 
duces an  electric  current — that  is,  a  flow  or  pas-^rreSL 
sage  of  electricity  through  the  conducting  path  along 
which  it  is  discharged.     The  electricity  in  charged 
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bodies  is  at  rest.    Such  electricity  is,  therefore,  some- 

frteilyeiSd"  times  called  static  electricity,  in  order  to  distinguish 

etatricity.  it  from  electricity  in  motion,  which  is  sometimes 

called  current  electricity.     The  science  which  treats 

of  electric  charges  is  called  electro-statics. 

If  the  pith  ball  in  the  electric  pendulum  of  Fig.  4, 
auScir  while  being  repelled  by  a  silk-rubbed  glass  rod,  is 
approached  by  a  flannel-rubbed  rod  of  sealing-wax, 
it  is  no  longer  repelled,  but  attracted.  Or,  if  a  silk- 
rubbed  glass  rod,  suspended  by  a  silk  thread,  so  as 
to  be  free  to  move,  is  approached  by  another  silk- 
rubbed  glass  rod,  it  will  be  repelled;  but,  if  ap- 
proached by  a  flannel  or  fur-rubbed  stick  of  sealing- 
wax,  it  will  be  attracted.  Trials  made  in  this  way 
MdTSSn-  will  show  that  all  bodies  electrified  by  friction  act 
Sicity*0"  either  like  the  silk-rubbed  glass,  or  the  flannel-rubbed 
sealing-wax.  It  is  evident,  therefore,  that  there  are 
but  two  kinds  of  electricity.  Early  experimenters 
called  these  vitreous  electricity,  or  the  electricity  pro- 
duced by  rubbing  glass,  and  resinous  electricity,  or 
the  electricity  produced  by  rubbing  resinous  sub- 
stances. It  is  now  known  that  the  kind  of  elec- 
tricity produced  by  rubbing  either  glass  or  resin  de- 
pends also  on  the  substance  with  which  the  glass  or 
resin  is  rubbed.  For  example,  glass  rubbed  by  cat's 
fur  yields  resinous  electricity,  and  resin  rubbed  by 
a  sheet  of  leather,  over  the  surface  of  which  is  spread 
a  soft  amalgam  of  tin  and  mercury,  yields  vitreous 
electricity.  The  terms  vitreous  and  resinous  elec- 
aadVIga-  tricity  have,  therefore,  been  replaced,  at  the  sugges- 
tricmw0"  tion  of  Franklin,  for  the  terms  positive  electricity,  or 
that  produced  by  silk-rubbed  glass,  and  negative  elec- 
tricity, or  that  produced  by  wool-rubbed  sealing-wax. 

In  the  accompanying  list  the  order  of  arrange- 
ment of  a  number  of  common  substances  is  such  that 
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if  any  two  of  these  substances  be  rubbed  together, 
the  one  coming  earlier  in  the  list  will  be  positively 
electrified,  and  the  one  coming  later  in  the  list  nega- 
tively electrified : 

Cat's  fur,  wool,  glass,  cotton,  silk,  the  hand,  wood,  {jJJJ^J011" 
sealing-wax,  shellac,  resin,  metals,  sulphur,  india- jjggjj6 
rubber,  gutta-percha,  and  celluloid. 

Thus,  glass  is  negatively  electrified  by  fur  and 
positively  electrified  by  cotton  or  silk.  All  resinous 
substances  are  negatively  electrified  by  fur  or  silk, 
but  positively  electrified  by  celluloid. 

The  kind  of  electric  charges  produced  by  friction, 
whether  positive  or  negative,  depends  on  the  char- 
acter or  the  condition  of  the  surfaces  rubbed  to: 
gether  as  well  as  on  the  nature  of  the  substances 
themselves.     Thus,   as  Forbes  has   shown,   rough  Forbe9^ 
glass  might  be  placed  in  the  above  list  of  substances 
after  shellac.     Even  the  color  of  the  surface  has  anjjjjjjj^ 
influence  on  the  kind  of  electrification  produced ;  JJjSa^ 
thus,  black  silk  rubbed  with  white  silk  is  negative.  UJSJjy*" 
So  also  the  temperature  of  the  surface  influences  the  S?32£°f 
character  of  the  charge.     Hot  cork  is  negatively  SSJ2jDpro" 
electrified  by  friction  against  cold  cork. 

The  mere  contact  of  dissimilar  substances  is  known 
to  produce  electric  charges  and  the  production  of 
electricity  by  friction  has  been  correctly  ascribed  as 
an  effect  due  to  contact  between  the  rubber  and  the 
thing  rubbed. 

Whenever  electricity  is  produced  by  friction  both  Sin~,e  ^ 
the  rubber  and  the  thing  rubbed  are  electrified  by?h°™£fl£d 
equal  but  opposite  charges.     In  silk-rubbed  glass, eIectriclty 
the  positive  charge  on  the  glass  is  exactly  equal  in 
amount  to  the  negative  charge  on  the  silk.     Various 
theories  have  been  proposed  to  account  for  electric 
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phenomena.  Two  of  the  earliest  of  these  are  the 
double-fluid  theory  and  the  single-fluid  theory  of 
electricity. 

DuFayand  The  double-fluid  theory,  proposed  both  by  a 
^JrtSStaid  Frenchman  named  DuFay  and  an  Englishman  named 
theory.  Symmer,  assumed  that  all  substances  contain  an  in* 
definite  quantity  of  an  imponderable,  neutral  electric 
fluid,  formed  by  the  union  of  two  separate  electric 
fluids,  the  positive  and  the  negative ;  that  in  unelec- 
trified  matter  these  two  fluids  combine  with  and  neu- 
tralize each  other;  that  electrification  consists  in 
their  separation.  Consequently,  when  a  body  is 
electrified  by  friction,  the  work  done  by  the  rubbing 
results  in  the  separation  of  the  two  fluids,  the  rubber 
retaining  one  electric  fluid,  and  the  thing  rubbed  the 
other  electric  fluid. 

Frankifn't  The  single-fluid  theory  of  electricity,  proposed  by 
tlw£ry.fluid  Franklin,  assumes  the  existence  of  a  single,  ex- 
tremely tenuous  and  weightless  or  imponderable 
fluid,  existing  in  all  matter.  This  electric  fluid  is 
strongly  attracted  by  all  matter,  but  its  own  par- 
ticles are  strongly  mutually  repellent.  All  bodies 
are  capable  of  containing  a  certain  quantity  of  the 
electric  fluid  without  manifesting  any  electric  ex- 
citement, but  when  a  body  contains  either  a  surplus 
or  a  deficit  of  this  fluid  it  manifests  electric  ex- 
citement. The  act  of  friction  gives  to  one  of  the 
bodies  an  excess  of  the  fluid,  thereby  imparting  to 
it  positive  excitement,  and  leaves  the  other  body  with 
a  deficit  of  the  fluid,  thereby  rendering  it  negatively 
pimmd  excited.  For  this  reason  positive  electricity  is  fre- 
Sh£r?es.  quently  indicated  by  a  +,  or  plus  sign,  and  nega- 
tive by  a  — ,  or  minus  sign.  These  symbols  are 
convenient,  and  are  very  generally  employed,  irre- 
spective of  any  theory. 


SOME  OLD    THEORIES   OF  ELECTRICITY  41 

Neither  the  double  nor  the  single-fluid  theory  is 
credited  at  the  present  time.  Merely  as  a  matter {fifSt*" 
of  convenience,  the  single-fluid  theory  has  been  ac-Kg^.*"1* 
cepted  by  some  with  the  modification,  that  is  be- 
lieved advisable  from  some  phenomena  presented 
by  the  motion  of  the  residual  gas  in  Crookes'  tubes 
during  electric  discharges,  that  the  negatively,  and 
not  the  positively  excited  body,  is  assumed  to  have 
the  excess  of  the  electric  fluid.  Others  still  further 
modify  this  theory  by  assuming  electricity  to  be  due 
to  differences  in  the  pressure  of  the  universal  ether,  JiSS2»«L 
a  kind  of  imponderable  matter  that  is  assumed  to  £{^£5^. 
exist  everywhere,  and  through  which  heat  and 
light  are  propagated  by  means  of  vibrations  or 
waves.  These  hold  that  positive  electrification  con- 
sists in  an  excess  of  the  ether  pressure,  and  negative 
electrification  in  a  deficit  of  such  pressure.  We  will 
not,  however,  discuss  modern  theories  any  further  at 
this  time.  Later  in  the  book,  when  a  more  inti- 
mate acquaintance  has  been  obtained  with  the 
varied  phenomena  of  electric  science,  we  will  be  able 
to  discuss  electric  theories  in  a  more  intelligent 
manner. 

But  whatever  the  theory  of  electricity  may  be,  this 
much  is  agreed  by  all,  that  what  is  produced  by  any  £££? 
electric  source  is  not  electricity,  but  a  variety  ofEji!p%, 
force  called  the  electro-motive  force,  which  means  SSdty!0" 
electricity  moving  force.     The  friction  of  any  two 
substances  produces  an  electro-motive  force,  and  this 
electro-motive  force  sets  the  electricity,  whatever  it 
may  be,  in  motion.     The  word  electro-motive  force 
is  for  convenience  generally  contracted  thus,  E.M.F. 
The  practical  unit  of  E.M.F.  is  called  the  voh>5Sa2or 
after  Alexander  Volta,  a  prominent  electrician  of  gnM°p. 
whom  we  shall  speak  hereafter.     Its  value  is  ap- 
proximately equal  to  that  of  a  single  ordinary  blue- 
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stone  voltaic  cell,  of  the  form  so  commonly  enployed 
in  telegraphy. 

The  E.M.F.'s  produced  by  friction  are  so  high 
that  they  are  capable  of  causing  electricity  to  pass 
b^f.'s  through  a  circuit  whose  resistance  is  very  great,  and 
§y°frUic!foD.  even  to  jump  across  an  air  gap,  or  interval  separated 
by  an  air  space.  It  can  be  shown  that  to  cause  a 
discharge  or  electric  spark  to  pass  through  an  air 
space  one  inch  in  length  requires  an  E.M.F.  of, 
approximately,  80,000  volts.  In  lightning  flashes, 
therefore,  the  E.M.F/s  must  be  enormously  high. 
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CHAPTER   III 

ELECTROSCOPES — ELECTROMETERS — ELECTRO-STATIC 

INDUCTION   OR   INFLUENCE 

"He  (Gilbert)  calls  it  a  versorium — in  modern  terms,  it  is 
an  electroscope — made  of  a  light  metal  rod,  centrally  poised 
on  an  apex  like  the  needle  of  a  compass." — The  Intellectual 
Rise  of  Electricity:  Park  Benjamin. 

IN  order  to  determine  whether  or  not  a  body  is 
electrified,  an  instrument  called  the  electroscope 
may  be  employed.  The  electric  pendulum,  al- 
ready described  in  connection  with  Fig.  2,  is  a  simple 
form  of  electroscope,  since  the  approach  of  an  elec- 
trified body  causes  an  attraction  of  the  pendulum. 
When  used  to  determine  the  character  of  a  charged 
body,  whether  positive  or  negative,  two  balls  are 
preferably  employed,  and  the  instrument  may  thenSSS1 
be  called  the  pith-ball  electroscope.  Such  an  elec-800^* 
troscope  is  shown  in  Fig.  7.  Here  the  balls  are 
suspended  by  linen  threads  to  some  insulating  sup- 
port. When  touched  with  a  silk-rubbed  glass  rod, 
they  each  receive  a  positive  charge  and  instantly  repel 
each  other  and  fly  apart.  When  in  this  condition 
the  approach  of  the  excited  glass  rod  causes  them 
to  fly  still  further  apart.  If  such  balls,  therefore, 
while  repelled  by  a  charge  of  a  known  name,  are 
approached  by  a  body  the  character  of  whose 
charge  is  unknown,  we  can  determine  the  char- 
acter of  this  unknown  charge  by  observing  the 
movements  of  the  balls:  for,  if  they  move  further 
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apart,  the  charge  is  positive,  but  if  they  are  at- 
tracted or  move  together,  the  charge  is  negative. 


Fig.  7.— Pith  Ball  Electroscope.  The  pith  balls  are  hung  on  linen 
threads  which  conduct  the  electricity  from  one  pith  ball  to  the  other,  but 
the  pith  balls  are  insulated  by  attachment  to  a  glass  support.  A  charge* 
therefore,  imparted  to  one  ball  instantly  spreads  over  the  surface  to  th# 
other  ball. 

A  simple  form  of  electroscope  consists  of  a  needle- 

niedteeiec-  shaped  rod  of  dry  wood  provided  with  a  cup  at  its 

troscope.     m^ie  part  and  suitably  balanced  on  a  needle-shaped 

support,  as  shown  in  Fig.  8.    Such  a  needle  is  read* 


Fio.  8.— Gilbert's  Versoriuss,  or  needfte>shaped  electroscope,  the  easliest 
form  of  the  instrument. 

ily  attracted  by  exceedingly  weak  charges.  This 
was  the  first  electroscope  ever-  constructed— Gilbert's 
versorium:  Gilbert  evidently  shaped  its  form  after 
that  of  the  mariner's  compass* 


BL&CTROSCQPS8 

The  form  of  electroscope  called  the  gold-leaf  elec- 
troscope, shown  in  Fig.  9,  is  still  more  sensitive. 
Her*  two  narrow  strips  of  gold  leaf  are  attached  to 
the  end  of  a  brass  rod,  provided  at  its  upper  end 
with  a  smooth  brass  ball,  c.  The  rod  and  its  at- 
tached leaves  are  placed  inside  an  air-tight  glass 
bottle,  B,  so  as  to  protect  the  gold  leaves  and  exclude 
moisture.     This  electroscope  is  so  sensitive  that  its 


e  thai  the  learn  diverge,  although 

gold  leaves  are  repelled  by  an  electrified  glass  rod 
while  several  feet  distant.  In  dry  weather,  merely 
walking  briskly  over  a  thick  carpet  will  so  charge 
one's  body  that  the  leaves  will  diverge  by  approach- 
ing  a  finger  to  the  brass  ball.  A  dry  piece  of  wood  eiectro- 
is  so  charged  by  mere  cutting  with  a  pen-knife,  that 
the  chips  will  cause  the  leaves  to  diverge  quite  ap- 
preciably. Like  any  other  electroscope,  it  can  be 
employed  to  determine  the  kind  of  charge,  whether 
positive  or  negative. 

When  it  is  desired  to  measure  the  amount  of  the 
force  with  which  the  attraction  or  repulsion  acts, 
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balance. 


an  instrument  called  Coulomb's  torsion  balance  is 
twlion*68  sometimes  employed.  This  instrument,  as  shown  in 
Fig.  10,  consists  of  a  slender  needle  of  shellac,  p, 
at  one  end  of  which  is  a  small  gilt  ball,  n,  so  sus- 
pended by  a  very  thin  silver  wire,  within  a  glass  cage, 
that  it  can  move  or  swing  in  one  direction  on  twist- 


Proof- 
plane,  uie 
of,  in  tor- 
fion  bal- 
ance. 


Fig.  io. —Coulomb's  Torsion  Balance. 


ing  the  silver  wire,  by  turning  a  supporting  button, 
t,  to  which  the  wire  is  attached.  Another  insulated 
gilded  ball,  m,  called  a  proof-plane,  is  attached  to 
a  glass  rod,  i.  The  proof-plane  is  provided  for  car- 
rying to  the  instrument  the  charge  to  be  measured. 
The  body  whose  charge  is  to  be  measured  is  touched 
by  the  proof-plane,  which  immediately  takes  off  a  part 
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of  its .  charge.  The  proof -plane  can  then  be  readily 
introduced  into  or  removed  from  the  cage,  through 
a  small:  opening  in  the  top,  and  is  of  such  a  length 
that:  when  in  place  the  ball,  tn,  is  at  the  same  height 
as  ».  To  use  the  apparatus,  the  wire  is  carefully 
twisted  until  the  two  balls,  n  and  m,  just  touch  each 
other.  The.  proof-plane  is  then  withdrawn*  charged 
by  touching  it  to  the  body  whose  charge  is  to  be 
measured,  and  reintroduced  into  the  cage.  The  ball, 
n,  is  thereupon  charged,  and  instantly  repelled,  com- 
ing to  rest  at  an  angular  distance  from  m  (measured 
by  degrees  marked  on  the  side  of  the  glass  cage)  by 
an  amount  depending  on  the  charge  in  m.  The 
amount  of  the  charge  is  then  ascertained  by  means  of  52*^ 
calculations  based  on  the  force  required  to  untwist  6Uow°caicu- 
the  wire.  In  order  to  keep  the  air  inside  the  cagelated' 
dry,  a  small  bowl  containing  some  substance  like 
calcium  chloride,  that  has  a  marked  power  to  ab- 
sorb moisture,  is  placed  inside  the  cage.  By  means 
of  this  balance  Coulomb  demonstrated  that  the  force 
exerted  by  any  two  electric  charges,  the  distance  be- 
tween them  remaining  the  same,  is  directly  as  the 
product  of  the  charges,  and  inversely  as-  the  square 
of  the  distance  between  them.  This  law  of  in- 
verse squares  is  only  true  when  the  charges  are  col- 
lected at  points,  or  when  the  balls,  n  and  m,  are  so  ££«£ 
small  that,-  compared  With  the  distance  between  $h«Mxuc 
them,  they  can  be  regarded  as  mere  points. 

The  quadrant  electrometer  is  a  more  reliable  and 
sensitive  instrument.  A  simple  form  of  this  instru- 
ment is  shown  in  Fig.  n.  Without  entering  into 
a  full  description,  it  will  suffice  to  say  the  instrument, 
takes. its  name  from  the  fact  that  the  attracting  and' 
repelling  plates  have  the  form  of  quadrants,  being 
shaped'  by  cutting  a  circular  plate  into  four  equal 
parts.     The  quadrants  are  supported  below  a  light 
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Suadrant 
ectrom- 
eter. 


aluminium  needle,  suspended,  as  shown,  by  a  fine 
wire.  The  quadrants  neither  touch  one  another  nor 
the  needle,  but  the  quadrants  directly  opposite  each 
other  are  connected  by  conducting  wires,  i  and  3, 
and  2  and  4,  as  shown  at  the  top  of  the  inclosing 
glass  cage.  If  the  connected  pairs  of  quadrants 
are  given  positive  and  negative  charges,  in  any 


Fig.  11. — Quadrant  Electrometer.  The  three  levelling  screws,  on  which 
the  instrument  rests,  are  provided  to  obtain  a  true  level  so  as  to  cause 
the  spot  of  light  reflected  from  the  mirror  to  fall  properly  on  the  scale. 


Use  of 
mirror  in 
quadrant 
electrom- 


suitable  manner,  as  by  being  connected  to  the  ter- 
minals of  a  voltaic  cell,  the  needle,  when  given  a 
known  small  charge,  is  deflected  to  an  extent  de- 
pendent on  the  value  of  the  charges  imparted  to 
the  quadrants  by  the  cell.  In  order  to  render  the 
indications  of  the  needle  more  sensitive,  its  move- 
ments are  read  through  a  telescope,  D,  on  a  scale, 
F,  by  means  of  a  spot  of  light  reflected  from  a  small 
mirror,  C.  This  instrument  is  sufficiently  delicate 
to  indicate  a  difference  of  potential  as  small  as  the  V* 
of  a  single  Daniell's  cell. 
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We  know  that  any  uncharged  insulated  conductor 
can  readily  receive  an  electric  charge  by  touching  it 
with  a  charged  insulated  conductor.  Suppose,  for 
example,  that  the  insulated  conductor,  C,  Fig.  12, 
is  brought  into  contact  with  the  uncharged  insulated 
conductor,  A  B,  then  the  charge  on  C  at  once  spreads 
over  the  surface  of  A  B,  as  shown  by  the  repulsion  of 
all  the  pith  balls,  leaving  both  conductors  positively 
charged.  Since  the  charge  on  C  is  now  spread  over 
both  C  and  A  B,  the  electric  density,  or  the  quantity  SS}^ 
of  electricity  per  unit  of  area,  say  per  square  inch  or 4nition  of • 


Fm.  i*.— ^Electro-static  Induction.    Note  the  position  of  the  pith  balls 
as  showing  the  difference  in  the  distribution  of  the  charge  on  A  B. 

square  centimeter,  will  necessarily  be  less;  the  case 
being  not  unlike  the  more  homely  one  of  a  quantity 
of  butter,  originally  spread  over  a  slice  of  bread 
whose  area  is,  say,  equal  to  that  of  C,  being  subse- 
quently reapread  over  both  C  and  an  additional  slice  SamJby 
having  an  area  equal  to  that  of  A  B.  Electric con<fictioa 
charges  received  by  actual  contact  are  said  to  be 
imparted  by  conduction. 

We  must  now  speak  briefly  of  an  electric  current,  Electric 
by  which  we  mean  the  rate  at  which  electricity  is0"™*- 
passing  through  any  conducting  path  or  circuit.    We 
can  express  this  rate  by  stating  the  amount  of  elec- 
tricity which  passes  through  the  circuit  in  a  given 
time,  say  in  one  second,  just  as  in  a  similar  manner 
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we  can  speak  of  a  flow  or  current  of  water  in  a 

pipe,  as  being  equal  to  so  many  cubic  inches,  or  so 

many  quarts  of  water  per  second.     The  flow  of 

water  through  a  pipe  is  due  to  a  water-moving  force, 

Analogue    an(*  the  quantity  which  flows  in  a  second  depends 

^u^StlLi  b°th  on  the  amount  of  this  force  and  on  the  dimen- 

waTer.£       sions  of  the  pipe — i.e.,  the  resistance  the  pipe  offers 

to  the  passage  of  the  water  through  it.    The  flow  of 

electricity  through  a  circuit  is  due  to  an  electro- 

practicai     motive  force,  and  the  amount  of  the  flow  is  depen- 

ci^tric      dent  both  on  the  value  of  the  electro-motive  force  and 

current.      ^  dimensions  and  character  of  the  circuit — i.e.,  on 

the  electric  resistance,  or  the  resistance  the  circuit 

offers  to  the  flow  of  electricity  through  it.     If  the 

m  electro-motive  force  is  one  volt,  and  the  resistance 

is  one  ohm,  then  the  current,  or  rate  of  flow,  is 

such  that  a  quantity  of  electricity  equal  to  one 

Practical     coulomb  will  pass  through  the  circuit  in  one  second. 

eiMtric      The  practical  unit  of  electric  quantity  is  called  the 

quantity.    q^Xq^^  after  Coulomb,  the  inventor  of  the  electric 

torsion  balance. 

The  practical  unit  of  electric  current  is  called  the 
Amper*.  ampere,  after  Ampere,  a  distinguished  French  elec- 
trician. The  ampere  is  equal  to  a  rate  of  flow  of  one 
coulomb  per  second,  and  is  the  current  which  flows 
through  a  circuit  whose  resistance  is  one  ohm,  under 
an  E.M.F.  of  one  volt. 

But,  coming  back  to  the  insulated  conductors 
shown  in  Fig.  12,  we  will  now  show  how  A  B  can 
receive  a  charge  from  the  charged  insulated  con- 
ductor C,  without  coming  in  contact,  and  without 
C  losing  any  of  its  charge.  This  is  effected  as  fol- 
lows: Supposing  A  B  to  possess  no  charge;  if  C, 
while  charged,  say,  positively,  be  brought  near  to 
A  B,  but  without  touching  it,  the  mere  neighbor- 
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hood  of  C  will  produce  a  charge  in  A  B,  as  will  be 
indicated  by  the  repulsion  of  the  pith-ball  electro- 
scopes. This  charge  is  developed  across  the  air  space  JJ]*^. 
between  C  and  A,  by  what  is  called  electro-static  in-  j^1^^ 
duction,  or  influence  (discovered  by  Canton  in  1753). 
The  induced  charge  is  strongest  at  the  extremities 
A  and  B,  as  shown  by  the  greater  repulsion  of  the 
pith  balls  at  these  points  than  elsewhere,  while  at  the 
middle  of  A  B  the  charge  is  entirely  absent.  More- 
over, if  tested  by  any  suitable  means  the  charges  at 
the  ends  will  be  found  to  be  of  opposite  names,  that 
at  A,  nearest  the  inducing  positive  charge,  being 
negative,  and  that  at  B,  furthest  from  the  inducing 
charge,  positive.  The  positive  inducing  charge  in 
C  has,  therefore,  acted  across  the  intervening  space 
and  attracted  a  negative  charge  to  A,  and  repelled  a 
positive  charge  to  B. 

If  the  insulated  conductor,  A  B,  be  removed  from  NeutraiiM- 
the  influence  of  C,  the  two  opposite  induced  charges  poaite 
will  reunite  and  neutralize  each  other,  and  the  con-  i 

ductor  will  cease  to  show  any  evidence  of  electrifica- 
tion. 

If,  however,  the  conductor  be  made  of  two  readily  Permanent 

charge  pro- 

separable  halves,  which  are  separated  while  under <jj»cedi by 
the  induction  of  C,  each  half  will  become  perma- 
nently charged,  the  half  that  includes  A  being  nega- 
tively, and  the  half  that  includes  B  being  positively, 
charged  or  electrified. 

If,  while  under  the  influence  of  C,  the  conductor 
be  touched  by  another  conductor  C  will  become  per- 
manently charged  negatively. 

If  the  positive  charge  on  C  be  fairly  great,  the  op- 
posite or  negative  charge  induced  at  A  is  correspond- 
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Different  ingty  tF&t*  an(*  if  C  is  gradually  approached  to- 
Sbtoi2?ngof  war^  A,  the  opposite  charges  wilt  increase  until 
SSrgeTby  finally  a  discharge  takes  place  between  A  and  C, 
induction.   jn  fae  form  of  a  bright  flash  or  spark. 

We  can  now  understand  that  when,  say,  a  posi- 
How  a       tively  electrified  glass  rod  is  approached  to  the  knob 
fiectro^     °f  the  g°'d  *eaf  electroscope  shown  in  Fig.  9,  its 
chafed  by  leaves  are  repelled  by  a  positive  charge.     If  the 
induction,    ^jj  js  touched  by  the  hand  while  under  the  in- 
fluence of  the  glass  rod,  a  positive  charge  is  repelled 
to  the  earth,  and,  on  withdrawing  the  glass  rod, 
the  leaves  are  repelled  by  a  negative  charge.     It  is 
safer  thus  to  charge  the  gold  leaves  by  induction, 
since  they  are  apt  to  be  broken  by  the  force  of  the 
repulsion  if  actually  touched  by  a  strongly  excited 
body. 

We -can  now  also  understand  why  an  electrified 
induction    body  attracts  an  unelectrified  body.     Let  the  posi- 

thecauteof  J  J  _.  r 

uoVof1^-  tivety  charged  insulated  conductor  A,  Fig.  13,  be 
e^rified   brought  near  the  uncharged  pith  ball  B.     The  pith 


Pig.  13.— Cause  of  Electrostatic  Attraction  and  Repulsion.  Not*  that  at- 
traction is  preceded  by  induction,  and  that  subsequent  attraction  Is  pre- 
ceded by  the  loss  of  the  induced  charge  by  the  body  discharging  to  earth. 

ball  is  at  once  electrified  by  induction ;  the  side  nearer 
the  inducing  body  becoming  oppositely  charged,  the 
ball  is  at  once  attracted  to  the  conductor.     As  soon 
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as  it  touches  the  conductor  it  is  charged  with  elec- 
tricity of  the  same  name  as  the  Conductor,  and  is  at 
once  repelled,  and  will  remain  repelled  until  it  loses 
its  charge.  If,  however,  as  shown  in  the  figure,  it 
is  repelled  until  it  touches  an  earth-connected  body, 
such  as  C,  it  at  once  loses  its  charge,  and  will  be 
again  attracted  and  repelled,  and  alternate  attrac- 
tions and  repulsions  will  be  repeated  for  a  fairly 
long  time. 

The  chime  of  electric  bells  shown  in  Fig.  14  iscnimeof 

"  electric 

bells. 


Flo.  14.— The  Electric  Chime.  Note  the  fact  that  T  and  T~,  as  soon  as 
charged  by  conduction  from  B,  charge  the  clappers,  /,  /,  by  induction  and 
cause  them  to  strike  the  outside  bells.  Then  being  repelled  they  strike  the 
middle  bell,  discharge  through  the  chain,  C,  to  ground,  and  are  again  at- 
tracted, etc. 


operated  by  the  alternate  electric  attractions  and  re- 
pulsions of  the  silk-suspended  clappers,  p,  p.    The 
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two  outside  bells,  T'  and  T",  are  in  metallic  connec- 
tion with  the  horizontal  metallic  bar  AA,  connected 
to  a  charged  body  B.     The  middle  bell,  T,  is  sus- 
pended by  a  silk  thread,  but  is  connected  with  the 
earth  by  a  metallic  chain,  C.     The  successive  attrac- 
tions and  repulsions  of  the  clappers  will  cause  a  ring- 
ing of  the  bells  as  long  as  the  body  to  which  they 
SfSStac-  are  connected  remains  charged.     It  is  interesting 
t?taduStCe  to   note   ^at   this   particular   apparatus   was   em- 
cJSdltfonof  ployed  by  Canton,  in  his  researches  on  atmospheric 
phc?e.mo8"  electricity,  to  notify  him  as  soon  as  his  apparatus 
began  to  be  charged  by  electricity  from  the  at- 
mosphere.    This  was  accomplished  by  the  ringing 
of  the  bells.     Here  the  horizontal  bar  received  its 
charge  from  the  air,  so  that  when  the  bells  began  to 
ring,  Canton  knew  that  his  apparatus  was  being 
charged. 

We  can  now  state  the  general  law  of  electro- 
static attraction  and  repulsion,  namely:  Electric 
charges  of  the  same  name  repel  one  another;  elec- 
tric charges  of  opposite  names  attract  one  another. 
That  is  a  positive  charge  repels  another  positive 
charge,  a  negative  charge  repels  another  negative 
charge,  but  a  positive  charge  attracts  a  negative 
charge,  and  a  negative  charge  attracts  a  posi- 
tive  charge. 

Gray's  dis-      Stephen  Gray,  before  referred  to,  as  the  discoverer 
auvraai?e    of  the  conducting  power  of  bodies,  in  order  to  deter- 
s£££«of  mine  whether  the  quantity  of  matter  in  a  body  af- 
bSSiST1     fected  its  power  of  conduction,  made  two  cubes  of 
oak,  one  solid  and  the  other  hollow,  and  found,  when 
he  suspended  them  by  insulating  strings,  that  both 
possessed  the  same  power  of  attraction.     He,  there- 
fore, correctly  inferred  that  it  was  the  surface  only 
of  the  cubes  that  attracted.     It  is  now  a  well-known 
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fact  that  electric  charges  reside  only  on  the  outside 
surfaces  of  insulated  conductors,  and  not  within 
their  mass.  This  can  be  demonstrated  in  a  variety 
of  ways. 

Suppose,  for  example,  as  was  first  shown  by  Biot, 
that  the  insulated  metallic  sphere  S,  Fig.    15,  beBlot,g 
charged,  and  that  the  metallic  hemispheres  H  H',  ■**•*■• 
insulated  by  the  glass  rods  M  M',  and  just  large 
enough  to  cover  S,  be  then  approached  and  brought 


Fig.  15. — Biot's  Sphere.  The  metal  hemispheres  H  H'  fit  the  sphere 
S  so  closely  as  to  come  in  good  electric  contact  and  thus  increase  its 
diameter  to  the  extent  of  their  thickness.  The  charge  then  instantly 
spreads  to  the  outer  surface  of  the  enlarged  sphere. 


together  while  touching  the  sphere  S.     Instantly,  all 
the  charge  leaves  S  and  spreads  over  the  outside 
surface  of  the  hemispheres,  and,  when  drawn  away 
from  S,  they  will  be  found  to  be  excited,  while  S  has 
no  charge  at  all.     The  hemispheres  are  charged  only  ^jJgJJi 
on  the  outside.     A  proof-plane  touched  to  the  inside,  JgJJjJi 
immediately  after  their  withdrawal,  fails  to  affect  a  •Pherc- 
gold-leaf  electroscope. 

The  absence  of  any  charge  on  the  inside  of  a  hol- 
low insulated  conductor  is  shown  in  Fig.  16,  where 
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no  c&jrje^  the  insulated  metallic  cylinder,  provided  with  pith 
chir°^d     ">a^s  ^°^  on  ***  ^ns^e  afld  the  outside,  only  shows, 

cylinder. 


Fig.  16.— Hollow  Insulated  Metallic  Cylinder.  Note  that  although  the  pith 
balls  connected  to  the  outside  show  the  presence  of  a  charge  there,  those  at- 
tached to  the  inside  are  unaffected. 


by  their  repulsion,  the  presence  of  a  charge  on  the 
outside  when  the  cylinder  is  connected  to  an  excited 
body. 
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CHAPTER   IV 


ELECTRIC     MACHINES 


"This  experiment  ocularly  shows  that  the  sulphur  globe, 
having  been  previously  excited  by  rubbing,  can  exercise  like- 
wise its  virtue  through,  a  linen  thread  an  ell-  or  more  long, 
and  then  attract  something." — Experiment  a  Nova:  Von  Gue- 
ktcks.    Amsterdam;  1672: 

l^iVACHINES     for     producing     electro  -  static 

I  VI     c^iaTSes  are  °*  two  k*n(k;  ™->  frictionaiSSSte*1 
*  *  1    machines  and  induction  or  influence  ma^•machine,* 
chines.     Frictional  machines  are  either  cylinder  or 
plate  machines. 

The  first  electrical  machine  was  made  in  1675, 
by  Otto  von  Guericke,  the  inventor  of  the  air  pump.  Guericke, 
This  machine  consisted  of  a  globe  of  sulphur  ro- Newton? 
tated  by  suitable  means  against  the  friction  of  the 
hands.  The  globe  was  formed  by  pouring  sulphur 
in  a  glass  globe,  subsequently  breaking  the  glass 
when  the  sulphur  had  solidified.  The  sulphur  globe- 
was  replaced  by  a  globe  of  glass  by  Newton.  New- 
ton, describing  His  frictional  electrical''  machine,  says r 

"A  gteibe  of  gtess  about  eight  or  ten'  inches  in 
diameter  being  put  into  a  frame,  where  it  may  be 
swiftly  turned  round  its  axis,  will  in  turning  shine  Newton's 
when  it  rubs  against  the  palm  of  one's  hand  applied  muMne. 
to  it ;  and  if  at  the  same  time  a  piece  of  white'  papen 
or  a  whitecfeth;  or  the  end  of  one's- finger,  be  held 
at  the  distance  of  about  a  quarter  of  an  inch  or  half 
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• 

an  inch  from  that  part  of  the  glass  when  it  is  in  mo- 
tion, the  electric  vapor  which  is  excited  by  the  friction 
of  the  glass  against  the  white  paper,  cloth  or 'finger, 
will  be  put  into  such  an  agitation  as  to  emit  light,  and 
make  the  white  paper,  cloth  or  finger  appear  lurid  like 
a  glow-worm,  and  in  rushing  out  of  the  glass  will 
sometimes  push  against  the  finger  so  as  to  be  felt. 
And  the  same  things  have  been  found  by  rubbing  a 
long  and  large  cylinder  of  glass  and  amber  with  a 
paper  held  in  one's  hand,  and  continuing  the  fric- 
tion till  the  glass  grew  warm." 

wSkier  *n  I74I»  ^oze  introduced  in  tne  globular  electric 
F£nk8n  machine  a  conductor  called  a  prime  conductor.  This 
3en'?cS£"  consisted  oi  a  suitably  insulated  iron  tube.  In  the 
{*uicttoSai  san&  year,  Winkler,  of  Leipsic,  substituted  a  cushion 
outline.  °*  l^th^  instead  of  the  hand.  Gordon,  in  1742, 
used  a  glass  cylinder  in  place  of  a  glass  globe.    The 


Fig.  17.— Early  form  of  Globular  Electric  Machine.    Note  the  globe  as 
being  one  foot  and  a  half  in  diameter.    The  hands  are  applied  for  friction. 

comb  of  points  employed  as  collectors  was  added 
after  Franklin's  investigations  on  the  power  of 
points  in  discharging  electrified  bodies.  The  sub- 
stitution of  glass  plates  for  glass  cylinders  was 
made  by  Ramsden  in  1760.  Some  idea  of  the  ap- 
pearance and  proportions  of  one  of  these  early 
forms  of  globular  machines  may  be  seen  from  an 
examination  of  Fig.  17. 
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The  cylinder  electric  machine  assumes)  a  variety 
of  forms.  That  shown  in  Fig-.  18,  is  a  common  m^ 
f orai.  A  single cushion  C,  formed  of  leather  stuffed ^S£k 
with  horse-hair,  and  covered  with  an  amalgam  at 
mercury  and  tin,  wag  placed  in  electric  connection 
with  the  insulated  conductor  A,  and  pressed  firmly 
against  the  glass  cylinder.  On  the  opposite  sides 
of  the  cylinder  there  is  placed  a  similar  insulated  con- 
ductor B,  provided  with  a  comb  of  points  P,  that 


Fio.  i  B. -  -Cyliadar  Bwtrit  KhMm.    Tib  H  10  «l 
but  Kldam  med.     Km  Ot  Ma  UM  Oi  f<1i 
netted  with  the  coBb  of  point*  and  the  iiegativc  conductor  with  [he  rabbet. 


almost  touch  the  glass.  In  practice,  a  piece  of  oiled 
silk,  not  shown  in  the  figure,  extends  over  the  top  of 
the  cylinder  from  the  rubber  nearly  as  far  as  the 
points.  By  the  rotation  of  the  cylinder  the  con- 
ductor A,  connected  to  the  rubber,  is  charged  with 
negative  electricity,  and  the  conductor  B,  sometimes 
called  the  prime  conductor,  with  positive  electricity. 
When  the  machine  is  in  use  either  the  negative  or 
(be  positive  conductor  is  generally  connected  to  the 
ground  by  means  of  a  metallic  chain  or  conductor. 
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It  is  not  difficult  to  understand  the  action  of  this 

5™£f*"    machine     The  friction  of  the  cushion  produces  a 

friai£iut    positive  charge  on  the  glass.     As  this  charge,  car- 

SJSItoV     "ed  around  by  the  rotation  of  the  cylinder,  comes 

opposite  the  comb  of  points  it  acts  by  induction  on 


I  more  frequently  em- 

the  prime  conductor  B,  repels  a  positive  charge  to 
the  far  side  and  attracts  a  negative  charge  on  the 
near  side.  This  charge,  being  dissipated  by  the 
electric  breeze,  renders  the  charge  on  the  glass  neu- 
tral, thus  making  it  ready  to  receive  a  new  charge 
by  friction,  and  leaves  the  conductor  B,  positively 
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charged.  When  properly  acting-  fairly  long  sparks- 
will  pass  between  the  polished  brass  balls  +  and  — , 
connected  respectively  by  bent  conductors  D  and  E 
with  the  positive  and  negative  conductors  B  and  A. 


Plate 


A  well  known  form  of  fractional  electric  machine, 
commonly  called  the  plate  machine,  shown  in  Fig,  dearie 
19,  consists  of  a  circular  glass  plate,  mounted  so  as  m*dllne• 
to  be  capable  of  rotation  by  the  handle  M.  Two 
sets  of  rubbers,  F,  F,  are  placed  one  above  the 
other  on  opposite  sides  of  the  axis,  as  shown. 
These  rubbers  press  on  both  sides  of  the  plate. 
Two  U-shaped  brass  rods,  provided  with  a  comb  of 
points,  are  so  supported  that,  as  the  plate  rotates 
between  them,  they  act  on  the  charge  generated  on 
both  sides  of  the  glass  plate  by  friction.  Connected 
to  these  collectors  are  the  prime  conductors  C,  C, 
insulated  by  glass  supports.  The  rubbers  are  con- 
nected with  the  ground  by  means  of.  a  metallic  chain. 
Two  pieces  of  oiled  silk,  not  shown  in  the  figure  in 
order  to  permit  the  ready  inspection  of  the  different 
parts  of  the  machine,  are  placed  so  as  to  extend 
each  one-quarter  way  around  from  the  cushion  to 
the  collecting  points. 

Alt  electrical  machines  employing  glass  aire  liable 
to  work  poorly  during  damp  weather,  owing  to  a 
conducting  film  of  moisture  being  deposited  on  the 
glass  from  the  ahr.  The  surface  of  the  glass  shoul AejectHc 
be  kept  clean  and  free  from  grease:  Dost  should  be 
carefully  removed,  since  each  particle,  acting  as  a 
point,  tends  to  discharge  the  machine  by  means  of 
connective  discharges. 

Before  discussing  induction  machines,  we  wilt  de- 
scribe a  form  of  frictional  electric  machine  in  which 
the  charge  is  obtained  by  mean*  of  the  friction  of 
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Arm- 
strong's 
Hvdro- 
Efectric 
Machine. 


globules  of  water  against  the  sides  of  a  peculiarly 
constructed  wooden  jet.  Such  a  machine,  Arm- 
strong's Hydro-Electric  Machine,  is  shown  in  Fig. 
20.  Here  a  wrought-iron  cylindrical  boiler,  insulated 
by  being  mounted  on  four  glass  pillars,  and  pro- 
vided, as  is  usual  with  steam  boilers,  with  a  water 
gauge,  safety  valve,  and  pressure  indicator,    fur- 


Fig.  ao.— Armstrong's  Hydro-Electric  Machine,  of  scientific  interest  only. 
Dynamo-electric  machines  produce  much  more  electricity  and  at  far  less 
expenditure  of  energy. 


nishes  the  necessary  steam.  The  steam  produced  is 
allowed  to  escape,  through  tubes  of  wood,  over  a 
vessel  C,  containing  water,  against  a  comb  of  points 
v,  connected  with  the  prime,  or  positive,  conductor 
B.  This  machine  is  capable  of  producing  a  large 
quantity  of  electricity,  though  at  comparatively  high 
voltage.  This  quantity,  however,  is  large  only  as 
compared  with  that  produced  by  ordinary  electric 
machines.  As  compared  with  the  dynamo  electric 
machines,  the  quantity  is  extremely  small,  but  its 
E.M.F.  is  very  high.  It  is  necessary  for  the  proper 
operation  of  this  machine  that  the  water  be  pure. 
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The  presence  of  a  small  quantity  of  acid  or  saline 
substances  renders  the  machine  inoperative. 

Another  type  of  electrical  machines  are  called 
influence  or  electro-static  induction  electric  machines. 
These  are  so  efficient  in  action,  and  so  capable  of 
working  in  nearly  all  kinds  of  weather,  that  theyugS^f 
have  almost  entirely  replaced  the  ordinary  f rictional  ISdSSon 
machines.  Before  describing  them  we  will  describe  machine*- 
the  old  form  of  induction  apparatus  called  the 
electrophorus,  produced  by  Volta  in  1775.  This 
is  advisable,  since  all  electro-static  induction  in  in- 
fluence machines  depend  for  their  operation  on  the 
principles  of  the  electrophorus. 


uence  or 


Fio.  ai.— Electrophorus— Charging.     The  touched  finger  enables  the  plate 
to  loae  a  charge  of  the  same  kind  as  the  inducing  resinous  disk. 

The  electrophorus,  Fig.  21,  consists  of  a  plate  of  D^^p^ 
vulcanite  or  a  disk  B,  of  some  resinous  material,  Jjfg^ 
such  as  a  fused  mixture  of  ordinary  resin,  shellac 
and  turpentine,  solidified  in  a  metallic  dish.  A 
negative  charge  is  imparted  to  this  disk  by  briskly 
rubbing  it  with  a  piece  of  cat  skin.  An  insulated 
metallic  conducting  plate,  A,  with  smoothly  rounded 
edges,  but  of  smaller  diameter  than  the  resin  disk, 
is  now  placed  on  the  excited  disk  and  touched  by  the 
finger.  If  now  the  plate  A  be  lifted  by  the  in- 
sulating handle,  it  will  be  found  to  be  strongly  elec- 
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trified  positively,  and  sparks  can  be  taken  from  it, 
as  shown  in  Fig.  22.  Meanwhile,  the  resinous  disk 
will  not  be  found  to  have  lost  any  of  its  electrifica- 
tion, and  the  insulated  disk  may  be  charged  again 
and  again,  care  being  taken  to  touch  its  surface 
each  time  before  lifting  it  from  the  lower  disk  by  the 
insulating  handle. 

Expiana-  The  action  of  the  electrophorus  will  now  be  read- 
action  of  ily  understood.  The  negatively  excited  resinous  disk 
oru*1^ "  acts  inductively  on  the  insulated  conducting  plate, 


Rig.  ss.— Electrophone— Discharging.    The  discharge  is  of  an  opposite  name 

Co  that  of  the  resinous  disk;  vis.,  positive. 

repelling  its  negative  electricity  to  the  ground 
through  the  body  when  touched  by  the  finger,  but 
holding  the  positive,  charge  on  the  plate  by  attrac- 
tion. On  withdrawing  the  insulated  plate,  there- 
fore, its  charge  being  no  longer  bound,  excites  the 
plates  positively. 

Free  and  **  **  ^dent  from  the  preceding  experiment,  and 
euSSridty.  from  vkat  we  have  already  seen  in  the  study  of 
electro-static  induction,  that  electricity  exists  in  two 
states  or  conditions;  viz.,  in  a  free  state,  as  in  the 
insulated  conducting  plate,  when  it  is  lifted  from 
the  inducing  resinous  disk,  and  in  the  bound  state, 
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as  it  exists  when  held  on  the  plate  by  the  attraction 
of  the  opposite  charge  on  the  resinous  disk.  Bound  Disguised 
electricity  is  sometimes  called  disguised  or  latent  eTectrtSty. 
electricity.  Strictly  speaking,  the  electricity  in  all 
charges  is  bound  to  some  extent,  since,  no  matter 
where  the  body  is,  it  tends  to  induce  charges  on  all 
surrounding  bodies  through  the  intervening  atmos- 
phere or  other  medium.  Still,  it  generally  can  read- 
ily be  discharged  by  touching,  and  it  is  only  when 
brought  very  near  some  inducing  body  that  it  can 
not  be  readily  discharged.  The  terms  are,  there- 
fore, convenient  as  describing  these  two  different 
conditions. 

Every  influence  or  induction  machine  is,  in  point 
of  fact,  a  form  of  a  revolving  electrophorus.    Such  SE^c* 
machines  depend  for  their  action  both  on  electro Tction  of 
static  induction  and  on  the  ability  which  two  charged  iS&a 
conductors  possess  of  reciprocally  augmenting  eachdepend" 
other's  charge;  or,  as  it  is  sometimes  called,  on  the 
principle  of  reciprocal  accumulation.     Suppose,  for 
example,  that  two  insulated  conductors,  A  and  B, 
Fig.  23,  possess  each  a  slight  charge,  A  a  positive 
and  B  a  negative  charge,  and  that  a  third  insulated 
conductor,  called  a  carrier,  be  revolved  so  that  it 
moves  successively  past  A  and  B,  during  each  revo- 
lution.    Let  us  suppose  that  while  it  is  moving 
past  A,  and  is,  therefore,  under  the  inductive  action 
of  its  positive  charge,  it  is  touched.     It  will,  on 
bring  carried  beyond  the  influence  of  A,  possess  a  reciprocal0 
small  free  negative  charge.     Now  let  matters  beuon. 
so  arranged  that  as  it  moves  on,  it  is  permitted  to 
give  this  negative  charge  to  B.     If  touched  while, 
under  the  inductive  action  of  B,  it  acquires  a  small 
free  positive  charge  as  soon  as  it  is  carried  beyond 
the  influence  of  B,  and  moves  on  and  gives  this 
charge  to  A,  thus  augmenting  its  positive  charge. 
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Thomp- 
son's gen- 
eralized 
type  of  In- 
duction 
machine. 


A  now  acts  by  induction  more  powerfully,  and  as 
the  carrier  continues  to  be  revolved  the  charges  on  A 
and  B  go  on  accumulating.  In  this  manner  power- 
ful charges  can  be  built  up  from  very  weak  initial 
charges. 

Fig.  23,  from  S.  P.  Thompson,  from  whom  this 
explanation  of  the  principle  of  induction  machines 


8 


Pto.  93.— Generalized  type  of  Blectro-ataric  Induction  Madtine. 


is  abstracted,  represents  a  generalized  type  of  in- 
duction machine,  with  two  fixed  field  plates  or  con- 
ductors, A  and  8,  which  are  to  become  respectively 
positive  and  negative,  attached  to  a  stationary  glass 
cylinder.  A  set  of  six  carriers,  p,  q,  r,  s,  t,  and 
u,  are  attached  to  the  inside  of  an  inner  rotating 
cylinder.    In  addition  to  the  above,  a  pair  of 


ELECTRIC   MACHINES  67 

tralizing  brushes,  nx,n%,  formed  of  flexible  metal 
wires,  are  provided  to  touch  the  carriers,  while 
under  the  influence  of  the  field  plates.  These  brushes 
are  connected  electrically  by  a  diagonal  conductor  as 
shown  in  the  figure.  A  set  of  appropriating  brushes, 
al9  a%>  connected  with  the  field  plates,  reach  over 
from  the  field  plates  to  collect  the  charges  as  they 
are  conveyed  by  the  carriers,  and  impart  them  to 
the  field  plates.  Finally,  there  is  provided  the 
discharging  apparatus,  consisting  of  two  combs,  Cj , . 
c2,  to  collect  any  unappropriated  charges  from  the 
carriers  after  they  have  passed  the  appropriating 
brushes.  The  combs  are  connected  to  a  pair  of 
discharging  balls,  capable  of  ready  adjustment  as  to 
the  distance  between  them.  A  pair  of  Ley  den  jars, 
not  shown  in  the  figure,  is  generally  connected  to  the 
discharging  rod. 

The  operation  of  the  machine  may  now  be  readily 
understood.     Setting  the  neutralizing  brushes  so  asOfi«tton 
to  touch  the  carriers  just  before  they  pass  out  of  thejJonor 
inductive  action  of  the  field  plates,  if  the  field  plate  machine* 
A  has  a  slight  positive  charge,  which  may  be  im- 
parted to  it,  if  necessary,  by  touching  it  by  a  posi- 
tively excited  body,  then  the  carrier  p,  touched  by  nv 
at  the  moment  it  passes  the  field  plate,  acquires  a 
small  negative  charge,  which  it  carries  forward  to 
the  appropriating  brush  alt  thus  making  B  slightly 
negative.     Each  carrier,  as  it  is  carried  forward  to 
the  right  and  is  touched  by  nlf  will  do  the  same 
thing.     On  the  lower  side,  as  the  carriers  move  from 
right  to  left,  they  are  touched  by  the  neutralizing 
brush  nt,  while  under  the  induction  of  the  negative 
charge  on  B.     They  therefore  carry  a  small  positive 
charge  to  A,  by  aid  of  the  appropriating  brush  a%. 
In  this  way  the  field  plate  A  is  rapidly  made  more 
and  more  positive,  and  the  field  plate  B  more  and 
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more  negative,  and  consequently  the  more  do  the 
collecting  combs,  et  and  ct,  receive  the  unappropri- 
ated charges.  Torrents  of  thin,  bine  sparks,  there- 
fore, pass  across  the  air  gap  between  the  discharg- 
ing knobs  at  D,  with  a  sharp  hissing  sound  if  the 
Leyden  jars  are  not  connected,  bnt  with  a  sharp 
snap  or  report  and  bright  spark  if  such  jars  are  con- 
nected. To  ensure  proper  action  both  the  neutraliz- 
ing- and  the  appropriating  brushes  must  make  good 
electric  contact  with  the  carriers. 


nt  form  of  electro- 


TSooto.  ^"'ie  Toppler-Holtz  Machine  is  a  form  of  inftu- 
h«S£  ence  or  induction  machine  that  operates  in  accor- 
ifadiine.  dance  with  the  above  general  explanation.  It  is 
made  either  with  a  single  or  with  several  revolving 
plates.  That  shown  in  Fig.  24  consists  of  three 
plates  of  glass  covered  with  shellac  varnish.  One 
of  these  plates  is  fixed  and  the  other  two  are  so 
mounted  on  a  shaft  as  to  be  capable  of  being  re- 
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vorvcd.  The  fixed  plate  carries  two  pieces  of  tin- 
foil, ABC,  and  A'  W  C*,  eaehi  of  which  is  pno*- 
tectedl  by  a  covering  of  shellacked  paper.  These 
constitute;  tire  two  field  plates..  The  rotating  plates, 
carry  a  number  of  small  disks  of  tin-foil  cemented 
to  their  front  faces.    These  constitute  the  carriers. 


Probably  one  of  the 


Metal  buttons  are  provided  at  the  centres  of  the 
disks  to  prevent  the  disks  of  tin-foil  from  being 
worn  by  the  friction  of  the  brushes.  The  neutral- 
izing brushes  are  connected  by  the  diagonal  conduc- 
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tors.  The  appropriating  brushes,  b  and  &',  are 
clamped  to  the  edge  of  the  fixed  disk.  The  combs, 
placed  as  shown,  are  connected  to  the  adjustable  dis- 
charging rods,  H,  H',  mounted  on  two  small  Leyden 
jars. 

In  the  Wimshurst  Influence  Machine,  the  con- 
wimshurtt  struction  and  operation  are  much  simplified.  Here 
MacSnc?  there  are  no  fixed  field  plates,  the  machine  consist- 
ing, as  shown  in  Fig.  25,  of  two  plates  of  shellac- 
covered  glass,  arranged  to  rotate  in  opposite  direc- 
tions. To  the  front  of  one  of  the  plates  and  to  the 
back  of  the  other  plate  are  cemented  a  number  of 
tin-foil  sectors,  which  act  both  as  carriers  and  induc- 
tors. The  sectors  are  provided  with  metallic  buttons 
to  avoid  wear.  The  neutralizing  brushes  for  the 
front  plate  are  supported  by  an  insulated  diagonal 
conductor,  so  placed  as  to  touch  the  sections  of  this 
plate  as  they  pass.  The  neutralizing  brushes  for  the 
back  plate  are  similarly  supported  by  a  diagonal  con- 
ductor placed  so  as  to  touch  the  sections  on  this  plate 
as  they  pass.  The  collecting  and  discharging  appa- 
ratus of  two  pairs  of  insulated  combs  are  placed  as 
shown.  The  machine  is  self-exciting,  and  is  now  very 
generally  employed. 


VON  KLXBT  Atm   TBE    L3SVDSN  JAR 


CHAPTER   V 

VON    KLEIST    AND    THE    LEYDEN    JAM 

"I  would  not  take  a  second  shock  for  the  Kingdom  of 
Fnocc"'— MugCHXMBBfscx,  in  a  letur  to  Rtamntr. 

TOWARD  the  close  of  1745,  Von  Heist,  Bishop 
of  Pomerania,  desiring  to  isolate  electricity,  JJ^., 
conceived  the  idea  of  leading  a  charge  f  vom  j^"™ 
an  electric  machine  into  a  glass  bottle,  arguing,  in  all den  im- 
probability, that  he  might  in  this  manner  be  able  to 


4E& 


¥nt.  *S.— Von  KleiWiidiKoTery  of  Uw  LerdUi  Jw.  Note  (he  obiaMkMbta 
■barp  angle*  and  edge*  of  the  prime  conductor.  This  m*  before  (be  dls. 
dharKtaf  power  of  poim  or  •hup  edgei  was  known. 

fill  the  bottle  with  electricity,  since  he  imagined  the 
electricity  would  not  be  able  to  escape  on  account  of 
the  non-conducting  property  of  the  glass.  With 
this  end  in  view,  he  partially  filled  a  small  glass 
bottle  with  water,  and,  holding  it  m  one  hand,  con- 
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nected  its  inside  to  the  conductor  of  an  electric  ma- 
chine by  means  of  a  bent  wire  that  passed  through 
the  mouth  of  the  bottle  and  reached  down  below  the 
surface  of  the  water,  attaching  the  wire  to  the  ma- 
chine, as  shown  in  Fig.  26.  As  will  be  readily 
understood,  by  these  arrangements  Von  Kleist  had 
produced  a  Leyden  jar,  the  water  inside  the  bottle 
forming  the  inner  coating,  and  the  hand  supporting 
it,  the  outer  coating. 

Von  Kleist  did  indeed  succeed  in  obtaining  a  bottle 
filled  with  electricity;  for,  when  endeavoring  to  re- 
move the  charged  bottle  from  the  machine,  in  order 
carefully  to  examine  its  contents,   he  received   a 
shock,  which,  although  necessarily  slight,  consider- 
SSst's      ing  the  size  and  character  of  the  apparatus,   was 
5£*ri!:to    nevertheless  unduly  exaggerated  by  his  terror.     In 
00 '       a  letter  sent  to  a  scientific  friend  in  Berlin,  dated 
November  4,  1745,  he  says  of  the  bottle:  "If  while 
it  is  electrified  I  put  my  finger  or  a  piece  of  gold 
which  I  hold  in  my  hand  to  the  nail,  I  receive  a 
shock  which  stuns  my  arms  and  shoulders." 

The  honor  of  the  invention  of  the  Leyden  jar  is 
Cuncus  and  ascribed  by  some  to  Cuneus,  of  Leyden,  a  pupil  of 
brocck,  and  Muschenbroeck,  and  by  others  to  Muschenbroeck 

the  Leyden 

i^  himself.     The  discovery  by  both  of  these  is  said  to 

have  been  made  in  a  similar  manner.  Muschen- 
broeck's  surprise  at  receiving  the  shock  was  even 
greater  than  Von  Kleist's.  In  a  letter  to  Reaumer 
he  says :  "I  felt  myself  struck  in  my  arms,  shoulders 
and  breast.  I  lost  my  breath,  and  it  was  two  days 
before  I  recovered  from  the  effects  of  the  blow  and 
the  terror." 

origin  of        The  Leyden  jar  received  its  name  from  the  city 
Leyden  jar.  of  Leyden,  where  Cuneus  lived,  most  probably,  be- 
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cause  he  gave  greater  publicity  to  its  peculiar  effects 
than  Von  Kleist  did. 

These  experiments  created  intense  excitement  in 
scientific  circles  in  all  parts  of  Europe.  Despite  his 
assertion  to  the  contrary,  Mu9chenbroeck,  in  com- 
mon with  other  scientific  men,  spent  a  large  part  of 
his  time  in  repeating  and  modifying  the  experiment. 
1745  and  1746,  were,  therefore,  memorable  in  the 
annals  of  early  electric  history.  Apart  from  their 
scientific  interest,  these  early  experimenters  appeared 
to  have  derived  a  morbid  satisfaction  from  what 
they  alleged  were  the  terrible  effects  of  the  subtle  £3*^" 
agency.  Allamand,  on  taking  a  shock,  said:  "ISS&Sgi. 
lost  the  use  of  my  breath  for  several  minutes,  and^LfjSS 
then  felt  so  intense  a  pain  along  my  right  arm  thatjar8hock8p 
I  feared  permanent  injury  from  it."  Winkler  says, 
referring  to  the  first  time  he  made  the  experiment, 
"I  suffered  great  convulsions  through  my  body;  it 
put  my  blood  into  agitation;  I  feared  an  ardent 
fever,  and  was  obliged  to  have  recourse  to  cooling 
medicine."  Boze,  whom  we  have  already  recorded  as 
the  inventor  of  the  prime  conductor  of  the  frictional 
electric  machine,  even  went  as  far  as  to  assert  that 
he  coveted  electric  martyrdom,  so  that  the  account  of 
his  death  might  found  an  article  for  the  Memoirs 
of  the  French  Academy. 

Despite  these  foolish  misgivings,  numerous  in- 
vestigations were  made,  and  the  Leyden  jar  wasimprove. 
greatly  improved.     Bevis,  in  1745,  substituted  coat-  EjSeJJjar. 
ings  of  tin-foil  for  the  wetter  and  the  hand.     In  the 
same  year  Watson,  Smeaton,  Wilson,  Canton,  and 
others  still  further  improved  the  jar. 

Some  idea  of  the  excitement  in  scientific  circles, 
created  by  the  invention  of  the  Leyden  jar,  may  be 
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Extract 
from  Ca- 
vallo's 
"Elec- 
tricity." 


gained   from  the  following  quotation  taken   from 
Cavallo's  "Electricity,"   already  previously   quoted 
from.     This  was  a  book  printed  in  1795,  by  Tibe- 
rius Cavallo,  and  contained,  in  some  three  volumes, 
a  fairly  full  description  of  the  comparatively  little 
that  was  then  known  concerning  electricity.     To 
the  mind  of  Cavallo,  however,  this  little  appeared 
so  great  that  he  questioned  whether,  in  view  of  so 
much  having  been  accomplished  during  1745  and 
1746,  there  could  be  reasonable  hope  for  electricians 
in  the  future  making  any  new  discoveries.    He  ap- 
parently feared  that  1746  had  seen  the  discovery  of 
practically  all  the  world  ever  could  hope  to  know 
concerning  the  electric  force.     However,  his  better 
judgment  prevailed,  and,  as  will  be  seen  from  the 
quotation,  he  conceded  that  the  young  electrician 
might  still  have  a  vast  field  before  him  in  the  future. 
Could  Cavallo  have  but  lived  in  our  days,  he  would 
appreciate  the  fact  that  this  prediction  was  much 
truer  than  he  probably  believed. 


Effect  of 
invention 
of  Leyden 
jar  on 
electric 
progress. 


"In  short,  nothing  contributed  to  make  Electricity 
the  subject  of  the  public  attention,  and  excite  a  gen- 
eral curiosity,  until  the  capital  discovery  of  the  vast 
accumulation  of  its  power,  in  what  is  commonly 
called  the  Leyden  phial,  which  was  accidentally  made 
in  the  memorable  year  1745.  Then,  and  not  till 
then,  the  study  of  Electricity  became  general,  sur- 
prised every  beholder,  and  invited  to  the  houses 
of  Electricians  a  greater  number  of  spectators  than 
were  before  assembled  together  to  observe  any  philo- 
sophical experiments  whatsoever. 


"Since  the  time  of  this  discovery,  the  prodigious 
number  of  Electricians,  experiments,  and  new  facts 
that  have  been  daily  produced  from  every  corner  of 
Europe,  and  other  parts  of  the  world,  is  almost  in- 
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credible.  Discoveries  crowded  upon  discoveries; 
improvements  upon  improvements;  and  the  science 
ever  since  that  time  went  on  with  so  rapid  a  course, 
and  is  now  spreading  so  amazingly  fast,  that  it  seems 
as  if  the  subject  would  be  soon  exhaused,  and  Elec- 
tricians arrive  at  an  end  of  their  researches;  but, 
however,  the  ne  plus  ultra  is,  in  all  probability,  as  yet 
at  a  great  distance,  and  the  young  Electrician  has 
a  vast  field  before  him,  highly  deserving  his  atten- 
tion, and  promising  further  discoveries,  perhaps 
equally  or  more  important  than  those  already 
made/' 

The  discovery  of  the  Leyden  Jar,  for  it  should 
properly  be  called  a  discovery  rather  than  an  inven-  ofTfi^n- 
tion,  was,  indeed,  a  matter  of  the  greatest  impor-  X™LeySm 
tance  to  electric  science.    And  yet  the  Leyden  jar  is jar* 
so  exceedingly  simple  in  its  structure  that  one  would 
hardly  expect  that  it  possesses  such  marvellous  pow- 
ers.    It  is  a  mere  glass  jar,  coated  both  on  the  out- 
side and  inside  with  tin-foil,  with  a  good  length  of 
free  space  left  between  the  mouth  of  the  jar  and  the 
upper  edge  of  the  tin-foil.     But,  connect  the  inner 
coating  with  the  prime  conductor  of  an  ordinary 
electric  machine,  so  feeble  that  it  can  scarcely  pro- 
duce sparks  one-sixteenth  of  an  inch  in  length,  and 
place  the   outer   coating   in   connection    with   the 
ground,  and  turn  the  handle  of  the  machine.    The 
jar  will  then  manifest  its  peculiar  power  of  accumu- 
lating electricity;  for  the  feeble  machine,  aided  by 
this  powerful  device,  is  now  able  to  produce  charges 
far  in  excess  of  what  it  would  be  able  to  do  without 
the  Leyden  jar. 

The  Leyden  jar,  as  left  by  these  early  investiga- 
tors, consisted,  as  shown  in  Fig.  27,  of  a  jar  of  glass,  ofTeylen0 
coated  over  the  outside  and  inside  up  to  about  two- ,ar* 
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thirds  of  its  height  with  tin-foil.     In  the  top  of  the 
jar  is  placed  a  cork  or  lid  of  dry  wood,  through 


— Leyden  Jir.    Here  the  dielectric  !■  o: 


which  passes  a  rounded  knob,  A,  of  polished  brass 
connected  to  a  brass  chain,  £,  that  communicates 
on  the  inside  with  the  tin-foil  coating. 

Where  a  very  powerful  charge  is  required,  a 
}£$!%:}**  single  large  jar  may  be  used,  but  it  is  more  con- 
Sr™^™  venien*  to  use  a  number  of  smaller  jars,  placed  in 
single  urge  a  box,  the  inside  of  which  is  lined  with  tin-foil,  so 
as  to  connect  all  the  outside  coatings  of  the  separate 
jars,  while  the  insides  are  connected  as  one  large  jar, 
by  means  of  brass  rods,  as  shown  in  Fig.  28,  thus 
practically  forming  a  single  Leyden  jar.  Such  an 
arrangement  is  called  a  Leydeo-jar  battery.  In  the 
figure  the  battery  is  represented  as  having  been 
charged  from  the  prime  conductors,  C1,  O,  of  the 
electric  machine,  represented  at  the  left  hand  side  of 
the  figure  The  battery  is  represented  in  the  act  of 
being  discharged  through  some  substance  placed  at 
F,  by  means  of  discharging  rods  held  in  both  hands 
as  shown  at  the  upper  right  hand  side  of  the  fig- 
ure. In  the  case  of  a  Leyden-jar  battery,  should 
the  electric  stress  pierce  the  glass  of  one  of  the 
jars,  the  entire  battery  will  not  be  rendered  useless. 
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Besides  this,  a  much  thinner  glass  can  be  safely 
used  when  a  number  of  smaller  jars  are  connected 


Fig.  *«.— Leyden-J 
ployed.    The 


Jar  Battery.     Note  how  the  discharging  tonga  are  em- 

._,  _.___„.  Here  the  name  quadrant  wai  given  from  the  shape  of  the 
graduated  Kale  used  to  measure  the  angular  deflection. 

so  as  to  form  a  single  jar  than  if  one  single  large 
jar  were  employed,  and  this  permits  a  greater  in- 
duction to  take  place  through  the  thinner  glass. 

Let  us  now  inquire  as  to  the  action  of  the  Leyden 
jar.  To  do  this  we  will  first  give  some  attention 
to  what  is  called  the  electric  capacity  of  a  conductor,  ca'p^dly  a 
By  this  is  meant  the  quantity  of  electricity  that  must 
be  imparted  to  such  conductor  in  order  to  electrify 
it  to  a  certain  degree;  or,  in  other  words,  to  give 
it  a  certain  electro-motive  force.  A  large  conduc- 
tor, for  example,  would  require  a  much  greater 
quantity  of  electricity  to  give  it  an  E.M.F.  of  one 
volt  than  would  a  smaller  conductor. 

In  order  to  understand  how  the  quantity  of  elec- 
tricity charged  on  a  conductor  can  affect  its  E.M.F., 
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Electric 
level  or 
potential. 


Difference 
of  water 
level  or 
potential. 


we  will  inqtrire  briefly  into  the  idea  of  efeetrie  fevef, 
or  electric  potential.  It  is  convenient,  at  tittles,  to 
compare  some  of  the  simpler  effects  produced  by 
electricity  with  the  analagous  action  of  ordinary 
liquids.  This  is  all  right,  provided  we  keep  con- 
stantly in  mind  that,  although  we  are  well  ac- 
quainted with  the  laws  in  accordance  with  which 
electricity  acts,  yet  we  do  not  really  know  what  elec- 
tricity is. 

If  a  vessel  be  filled  with  a  liquid,  say  water,  there 
is  thereby  produced  a  water-pressure,  or  water- 
motive  force,  that  causes  the  water  to  tend  to  move 
from  this  vessel  to  another  vessel,  with  which  it 
communicates  by  means  of  a  pipe.  This  motion, 
however,  can  never  take  place  if  the  level  of  the 
water  is  the  same  in  both  vessels.  It  is  only  when 
the  water  level  is  higher  in  one  vessel  than  it  is  in 
the  other  that  a  flow  or  current  occurs.  Now  the 
height  of  the  liquid  in  either  vessel,  its  capacity  or 
size  being  fixed,  depends  on  the  quantity  of  water 
in  the  vessel ;  and  its  ability  to  flow  or  pass  from 
one  vessel  to  the  other  depends  on  the  difference  of 
level,  and  this  difference  of  level  is  called  the  po- 
tential. 


Difference 
of  electric 
level  or 
potential. 


In  a  similar  manner  a  given  quantity  of  electricity 
raises  the  electric  level  of  a  conductor  to  an  extent 
dependent  on  the  capacity  of  the  conductor.  A  posi- 
tive charge  m  a  conductor  corresponds"  to  a  higher 
etectric  level,  and  a  negative  charge  to  a  tower  level 
than  whew  unexcifed.  The  difference  of  d'ectrie 
level,  or  efectric  potential,  therefore;  re&rity  in  an 
electric  pressure;  or  E.M.F.,  which  cause*  the 
electricity  to  tend  to  flow,  the  flow,  as  in  the  case 
of  liquids,  taking  place  from  the  higher  to  the  lower 
level'.    The  capacity  of  a  conductor,  therefore,  may* 
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be  measured  by  the  quantity  of  electricity  required 
to  produce,  by  the  establishment  of  a  certain  dif-*l2£u£<>r 
ference  of  electric  level,  or  potential,  an  electric *MF- 
pressure,  or  E.M.F.,  which  tends  to  cause  an  elec- 
tric flow  from  the  higher  to  the  lower  level. 

The  practical  unit  of  electric  capacity  is  called 
the  farad,  in  honor  of  Faraday,  the  great  electrician.  The  farad 
Since  the  practical  unit  of  electric  quantity  is  theSl^Sf110*1 
coulomb,  and  the  practical  unit  of  E.M.F.  is  the  volt,  £j2dty. 
the  farad  may  be  defined  as  that  capacity  of  a  con- 
ductor which  requires  a  quantity  of  electricity  equal 
to  one  coulomb  to  produce  in  it  an  E.M.F.  of  one 
volt.      Since  a  condenser  whose  capacity  is  one 
farad    would   require  to  be  enormously  large,   in 
practice,    a   smaller   unit,   called   the   micro-farad,  Srad?1*^ 
whose   value  is  equal  to  the  one-millionth  of  a 
farad,  is  generally  employed. 

The  Leyden  jar  is  able  to  take  such  comparatively 
large  charges  because  the  electric  capacity  of  a  conr 
ductor  is  markedly  increased  by  placing  it  near  an- 
other   conductor    possessing    an    opposite    electric 
charge.     The  Leyden  jar  is  sometimes  called  a  con- 
denser.    Since  a  Leyden  jar  accumulates  a  greater  condenser, 
charge  than  would  be  possible  were  it  not  for  the 
proximity  of  the  closely  approached  plates,  it  was 
formerly     called     an     accumulator.      This     term  Electric 
accumulator     is    now    reserved    for    the    storage  cumuUtor. 
battery,    a    device    which    will    be    subsequently 
described. 

The  operation  of  the  Leyden  jar  can  be  best  under- 
stood from  an  examination  of  the  condenser  of 
^pinus,  constructed  in  1759.  This  condenser  con-S^gf*1" 
sists,  as  shown  in  Fig.  29,  of  two  insulated  metallic 
plates,  A  and  B,  capable  of  being  moved  toward 


us. 
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and  from  each  other,  with  a  plate  of  glass,  C,  placed 
midway  between  them. 

Let  us  suppose  that  while  it  i6  too  far  from  A  to 
be  affected  by  its  inductive  action,  B  be  connected 
to  the  positive  conductor  of  an  electric  machine. 
It  will  continue  to  receive  a  positive  charge  until  its 
SmiS1*"  charge  is  equal  to  that  of  the  machine.  The  elec- 
oondenser.  tricity  will  then  cease  to  flow  from  the  machine  to 
B,  because  the  electric  letel  or  potential  is  the  same 
on  both  conductors.  The  charge  on  B  will  now  be 
spread  equally  over  both  surfaces  of  the  conductor. 
R ;  undfer  these  circumstances,  B  be  moved  toward  C, 


Via.  ao.— Condemn-  of  uBpinu.  Note  the  greater  electric  density  of  the  peat* 
tive  charge,  received  from  the  machine  on  the  surface  of  the  conductor  B, 
nearer  the  charging  machine  than  on  the  side  nearer  the  plate  A.  Thia  in* 
created  density-  ii  indicated  by  the  greater  number  of  plot  signs. 


the  charge  on  B  will  act  inductively  on  A,  and  repel 
a  positive  charge  from  A  to  the  earth,  through  the 
conducting  wire,  shown,  and  cause  a  negative  charge- 
to  accumulate  on  the  side  of  A  that  is  nearest  to  B. 
At  the*  same  time,  the  mutual  attraction  between 
the  positive  charge  on  B,  and  the  negative  charge 
on  A,  will  cause  the  charge  of  B  to  collect  mainly 
on  the  side  B,  nearest  the  machine,  and  causing 
its  electric  potential  or  level  on  the  other  side  ol 
cuw£*j  B,  to  fall  below  that  of  the  machine.  Gonse 
%££?'  quently,  a  further  flow  of  positive  electricity  wilt 
be  able  to  pass  from  the  machine  to  B,  which  again 


How  the 
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acts  inductively  on  A,  and  again  accumulates  an 
additional  charge  on  the  side  nearer  to  A.  In  this 
manner,  the  charge  goes  on  accumulating,  the  ca- 
pacity of  either  A  or  B,  under  these  circumstances, 
being  markedly  greater  than  it  would  be  if  they 
stood  alone. 

The  insulating  substance,  separating  the  two  con- 
ductors, which  permits  the  induction  to  take  place  Dielectrics, 
through  its  mass,  is  called  a  dielectric.     All  insula- 
tors are  capable  of  acting  as  dielectrics,  but  to  an 
unequal  degree.     The  following  are  a  few  dielectric 
media ;  viz.,  air,  glass,  shellac,  sulphur,  gutta-percha,  SpaS^  or 
insulating  oils,  and  a  vacuum.     The  ability  of  aSEctwe111" 
dielectric  to  permit  induction  to  take  place  through capaclty* 
its  mass  is  called  its  dielectric  capacity,  or  its  specific 
inductive  capacity.     The  amount  of  electricity  which  Clrcum. 
can  be  accumulated  on  the  plates  of  a  condenser  de-  JgJJSiin. 


pends  on  the  potential  of  the  conductor,  on  the  area  {gg^Jf  that 
of   the  plates,   on   the  thickness  of  the  dielectric  Smuutld 


be  j 

mla 

separating  them,  and  differs  with  the  character  ofjg^j11- 
the  substance,  that  is,  with  its  dielectric  capacity. 


The  Leyden  jar  acts  in  the  same  manner  as  the 
condenser  of  jEpinus.  The  opposite  metallic  coat- 
ings form  the  conductors,  and  the  glass  of  the  jar 
the  dielectric.  While  charged,  either  of  the  coatings 
can  be  safely  touched  without  discharging  it,  since 
each  charge  is  held  in  place  or  bound  by  the  attrac- 
tion of  the  opposite  charge.  But,  if  both  coatings Jon^ruie 
are  simultaneously  touched  by  a  conductor,  the  jargjg^j^ 
will  practically  be  instantaneously  discharged.  If 
this  is  done  by  touching  one  coating  with  the  right 
hand,  and  the  other  coating  with  the  left  hand,  a 
severe  shock  will  be  felt,  the  intensity  of  which 
will  depend  both  on  the  size  of  the  jar  and  on  the 
amount  of  the  charge. 

Vol.  I.— 5 
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A  convenient  and  safe  method  of  discharging  the 

fngTonfi.  Leyden  jar  is  by  means  of  the  discharging  rods, 

which  consist  of  two  bent  brass  rods  terminated  by 

blunt  balls  of  brass,  provided  with  glass  insulating 

handles,  and  hinged  so  as  to  permit  the  distance  be- 


Pic.  jo.— Dissected  Leyden  J.ir.  Remember  that  it  is  the  glass  dielec- 
tric whose  surficei  retain  trie  apposite  charges.  The  conducting  coatings 
merely  convey  the  charges  to  ill  port*  of  the  surfaces  of  the  glass  to  which 
they  are  attached. 

tween  the  free  ends  to  be  readily  varied.  A  pair  of 
discharging  rods,  in  the  act  of  discharging  the 
Leyden-jar  battery,  are  shown  at  the  upper  right 
hand  side  of  Fig.  28. 

During  his  study  of  the  Leyden  jar,  Franklin 
showed  that,  contrary  to  what  was  formerly  be- 
lieved, the  charges  are  not  accumulated  on  the  oppo- 
site metallic  coatings,  but  on  opposite  sides  of  the 
Dissected  dielectric.  This  fact  can  be  demonstrated  by  means 
r  ™  'of  the  dissected  Leyden  jar — i.e.  a  jar  the  coatings 
of  which  can  be  readily  detached.  Such  a  jar  is 
shown  in  Fig.  30.  If  this  jar  is  charged  when  the 
coatings  are  in  place,  they  may  then  be  separated  by 
lifting  A  out  of  the  glass  jar  and  then  removing  the 
outer  coating  B,  being  careful  to  touch  only  one  coat- 
ing at  the  same  time.  Thus  separated,  no  charge  will 
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be  found  in  either  of  the  coatings,  which  may  be 
freely  handled,  and  connected  to  the  earth,  or  placed  l^S«j« 
in  contact  with  each  other.     The  charges  are  on  ^rfJE^JJ' 
the  outer  and  inner  surfaces  of  the  glass.     If  the  Sjjj*** 
different  parts  of  the  jar  be  again  assembled,  as  at 
the  right  hand  side  of  the  figure,  a  strong  spark  may 
be  drawn  from  the  jar  by  means  of  the  discharg- 
ing   rod.     The   charge   resides,    therefore,    in   the 
dielectric   medium   separating  the    two  oppositely 
charged  conductors. 

The  comparatively  large  capacity  of  condensers 
causes  them  to  be  used  in  a  variety  of  apparatus-. 
They  may  either  take  the  form  of  the  ordinary  Ley-  poimot 
den  jar,  or  they  may  take  a  more  compact  form  in  SSffiSr, 
which  numerous  separate  sheets  of  tin-foil  are  sepa- 
rated by  very  thin  sheets  of  mica  or  paraffined  paper. 
The  separate  condensers,  formed  by  each  sheet  of 
paraffined  paper  and  its  opposing  coatings  of  tin-foil, 


Fie.  31.— A  Standard  Condemn-  of  the  capacity  of  1 


and  connected  together  into  a  single  large  condenser, 
as  the  separate  Leyden  jars  in  a  Leyden-jar  bat- 
tery are  connected  into  a  single  Leyden  jar.  On 
the  top  of  the  box  are  placed  binding  posts,  the  two 
outside  posts  being  connected  respectively  to  the  two 
opposite  coatings,  and  the  middle  post  being  pro- 
vided in  order  to  readily  discharge  its  condenser, 
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by  connecting  its  opposite  coatings.  A  common 
form  of  such  condenser  is  shown  in  Fig.  31. 
Condensers  of  a  capacity  of  but  one-third  of  a 
microfarad  require  about  1,200  square  inches  of 
tin-foil. 

A  single  discharge  of  a  Leyden  jar  does  not  com- 
pletely remove  all  its  charge.  If  the  jar  be  left  to 
§21?^  itself  for  a  short  time  after  its  first  discharge,  a  sec- 
ond discharge  may  be  obtained,  though,  of  course, 
much  feebler  than  the  first.  This  discharge  is  due 
to  a  residual  charge  produced  by  a  penetration  of 
the  charge  into  the  substance  of  the  glass  or  other 
dielectric.  The  liberation  of  the  residual  charge  is 
hastened  by  gently  tapping  the  glass. 
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Clanlfica- 


CHAPTER   VI 

THE   LUMINOUS    EFFECTS   OF   ELECTRIC   DISCHARGES 

"Castor  and  Pollux  came  afterwards  to  be  considered  the 
patron  deities  of  seamen,  and:  voyagers,  and  the  lambent 
flames  which,  in  certain  states  of  the  atmosphere,  play  round 
the  sails  and  masts  of  the  vessels,  were  called  by  their  names." 
— The  Age  of  Fables:  BtJLFiNCTr. 

THE  effects  produced  by  electric  discharges  may 
be  divided  into  a  variety  of  classes,  the  most 
important  of  which  are  luminous  effects-,  oc 
those  attended  by  the  production  of  light;  thermal 
effects,  or  those  attended  by  the  production  of  heat ; 
mechanical  effects,  or  those  observed  frequently  in 
the  case  of  either  non-conductors  or  partial  conduc- 
tors, in  which  the  substances  are  pierced,  torn  oruoiToi 
broken;  chemical  effects,  in  which  either  combina- duccd £y°~ 
tions  or  decompositions  of  chemical  substances  take  charges, 
place;  magnetic  effects,  in  which  magnet  poles  are 
produced  or  reversed  by  the  passage  of  the  dis- 
charge ;  and  physiological  effects,  or  those  attending 
the  passage  of  electric  discharges  through  the  bodies 
of  animals  or  plants.     All  the  above  effects  are 
produced,  to  some  extent  or  other,  by  electric  dis- 
charges, no  matter  what  their  source  may  be.-    We 
will  at  present  discuss  the  effects  of  such  electric  dis- 
charges only  as  are  produced  by  f actional  electric  Hl    clec 
machines  or  influence  machines,  or  by  the  discharge  {g^SE* 
of  Leyden-jar  batteries,  in  all  of  which  cases  verychare«. 
high  electro-motive  forces  are  involved. 

Some  of  the  luminous  effects  produced  by  disr 
charges  of  high  electro-motive  force  were  noticed 
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early  in  the  history  of  electric  science.      Guericke 
aadtiie*    had  no  sooner  produced  his  globular  electrical  ma- 
ught?1"*10  chine  than  he  noticed,  during  its  action,   the  pro- 
duction of  an  electric  glow  or  light.     This  is  the  first 
electric  light  of  which  we  have  any  record.      It  was 
exceedingly  feeble,  and  compared  but  unfavorably 
with  the  bright  light  now  so  common  in  all  parts  of 
the  civilized  world.     In  its  way,  it  was  not  unlike 
the  feeble  effects  produced  by  Thales  in  the  case  of 
the  rubbed  amber.     Like  its  predecessor,    it    has 
grown  to  the  remarkable  proportions  it  possesses 
to-day. 

Electric  If  the  knuckles  of  the  hand  be  held  near  a  highly 

spark'        charged  conductor,  such,  for  example,  as  the  prime 


Fig.  32.— Disruptive  Discharge  or  Spark  Passing  Between  Charged  Conduc- 
tor C  and  Hand.  Remember  that  in  all  such  cases  opposite  charges  accumu- 
late by  electro-static  induction  or  influence  on  the  opposed  surfaces,  and  that 
when  these  are  sufficiently  powerful  the  dielectric,  in  this  case  the  air,  is 
broken  and  the  spark  passes. 

conductor  Q  shown  in  Fig.  32,  a  bright  spark  will 
pass  between  the  conductor  and  the  hand. 

The  appearance  of  the  spark  between  any  two 
approached  bodies  depends  on  a  variety  of  circum- 
stances.    If  the  discharging  surfaces  consist  of  blunt 
metallic  balls,  that  kre  separated  but  a  short  distance, 
the  discharge  is  marked  by  a  slender  but  very  bright 
line.     As  the  distance  between  the  discharging  sur- 
Branching,  faces  increases,  the  spark  assumes  an  irregular  form, 
fightnmg-   having  a  somewhat  zig-zag  appearance  or  shape,  as 
charges,     shown  in  Fig.  33.     The  irregularity  of  this  path  is 
generally  explained  by  the  discharge  taking  the  path 
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of  least  electric  resistance,  and  this  being  deter- 
mined by  the  presence  of  dust  particles  in  the  inter- 
vening- air.    The  irregularities  in  the  path  of  the  dis- 
charge are  also  due  to  the  compression  of  the  air  in 
front  of  it,  the  discharge  taking  by  preference  the 
less  dense  air  on  one  side  or  the  other.     Faraday  paradflyi 
showed,  in  his  researches,  that,  during  induction  be-JSiria. 
tween  two  conductors,  a  polarization  takes  place  inSSium1* 
the  intervening  dielectric.     As  soon  as  the  tension  wfiSfSw 
or  stress  produced  on  this  line  of  polarized  particles  [SasseS'" 
has  reached  a  certain  degree  of  strength,  a  breaking 
down  or  disruption  occurs  in  the  medium,  and  the 
spark  passes.     Such  discharges  are,  therefore,  gen- 
erally called  disruptive  discharges. 

The  size  of  the  conducting  surfaces  between  which 
the  discharge  occurs  also  affects  the  appearance  of 


it.  33. — Blanching  Disruptive  Discharge  between  Discharging  Surfaces. 
e  the  similarity  in  the  appearance  of  the  discharge  to  the  forked  or  su- 
ed ilg-xag  lightning  flashes.    Note  here  that  one  of  the  discharging  surfaces 


the  electric  spark.     Where  both  surfaces  have  the 
form  of  large  spheres,  and  are  not  very  far  apart, 
the  sparks  are  very  brilliant,  taking  a  straight  path,  °?  »?«V 
and  are  accompanied  by  loud  detonations.     If,  how-  »«* aca  < 
ever,  the  area  of  the  sphere  attached  to  the  prime  of  spark, 
conductor  is  small,  as  compared  with  that  of  the 
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opposing  surface,  the  spark  assumes  the  irregular 
path,  characteristic  of  ordinary  lightning.  The  light 
i9  far  less  brilliant  as  the  length  of  the  path  of  the 
discharge  is  increased,  its  intensity,  in  all  cases,  de- 
pending on  the  quantity  of  electricity  passing.  This 
is  only  another  way  of  saying  that  the  brilliancy  of 
the  spark  depends  on  die  very  high  temperature  to 
which  the  discharge  has  raised  the  intervening  parti- 
cles of  the  air  or  other  medium  through  which  it  is 
passing. 

During  disruptive  discharges  small  portions  of 
metal  are  torn  from  the  conductors  that  farm  the 
metallic  surfaces  between  which  the  discharge  is 
passing.    These  particles,  vaporized  by  the  intense 
heat  produced,  by  the  discharge,  impart  to  it  charac- 
^JSte c      teristic  colors ;  for  example,  copper  and  silver  give  a 
$S££S«r  green  color  to  the  spark.  Iron  imparts  a  reddish 
JJ2SS»     color.  That  these  colors  are  due  to  vaporized  metallic 
SldurtSs.  substances  is  shown  by  an  examination  of  the  light 
by  means  of  an  instrument  called  the  spectroscope,  an 
apparatus  for  determining  the  chemical  nature  of  any 
substance  which  is  heated  high  enough  to  change  it 
into  an  incandescent  or  glowing*  vapor,  by  an  exam- 
ination of  the  different  colored  lights  it  emits.     In 
^^^     this  case  the  spectroscope  reveals  the  presence  of  cot 
«££k?i-    ored  lights,  due  to  glowing  vapors  of  the  same 
™ spark"   metals  as  those  forming  the  surfaces  between  which 
the  discharge  is  passing. 


The  nature  of  the  medium,  through  which  the 
color  of  spark  is  passing,  also  affects  its  color.  In  air,  at  ordi- 
f£?tredat>y  nary  pressures,  when  the  volume  of  the  discharge  is 
mediSm  great,  the  spark  has  a  bluish-white  color.  Thin  dis- 
wSejfit  charges  passing  through  a  greater  length  of  air  are 
somewhat  purplish  in  tint,  and  are  frequently  of  un- 
equal luminosity  in  different  parts  of  their  length, 
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being-  much  darker  in  places  where  the  quantity  of 
electricity  passing  is  small.  In  nitrogen,  the  spark  is 
the  same  color  as  in  air,  except  that  it  is  of  a  deep 
blue  or  purple  tint.  In  hydrogen,  the  spark  assumes 
a  beautiful  crimson  color. 

If  the  distance  between  the  discharging  surfaces 
is  increased  so  far  that  a  disruptive  spark  or  dis- 
charge is  unable  to  occur,  the  discharge  spreads  it- 
self in  the  form  of  a  faintly  luminous,  divergent 
brush  of  the  blue  color  characteristic  of  the  passage  SSSje?*" 
of  a  slender  discharge  through  air.  The  intensity 
of  this  light  is  so  small  that  it  can  be  seen  only  in 
a  dark  room.  Such  discharges  are  called  brush 
discharges,  and  are  attended  by  a  crackling,  hissing 
sound. 

Brush  discharges  are  not  continuous.     As  Wheat- 
stone  has  shown,  they  consist  of  a  number  of  suc- 
cessive partial  discharges  that  follow  one  another 
at  very  rapid  intervals.     Their  intermittent  charac-  intermit- 
ter  is  also  shown  by  the  fact  that  the  hissing  noises  aacrCofr" 
have  a  more  or  less  definite  pitch,  like  musical  notes,  cSSges!8" 
and  that,  as  the  distance  between  the  discharging 
surface    is    decreased,    the    pitch    of    the   musical 
notes   becomes  higher,   that  is,  the  notes  become 
shriller. 

The  brush  discharge  consists  of  numerous  separate 
streams  branching  out  from  a  main  trunk  or  stem. 
Each  of  these  separate  streams  divides,  or  branches 
into  numerous  smaller  streams,  not  unlike  the  rivu- *jj*f>f  J?c 
lets  and  rills  that  unite  to  form  the  larger  streams  in  charge, 
a  river  system.  The  breadth  of  the  brush  discharge 
is  increased  by  holding  a  flat  plate  a  short  distance 
from  the  extremity  of  the  luminous  portion  of  the 
brush.     The  same  effect  is  produced  by  holding  the 
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palm  of  the  band  in  a  similar  position.  The  brush 
discharge  shown  in  Fig.  34  will  give  an  excellent 
idea  of  the  general  appearance  of  this  form  of  dis- 
charge. 

When  the  area  of  the  electrified  surface  is  reduced 
to  a  mere  point,  or  when  the  electrification  is  in- 
creased beyond  a  certain  point,  the  brush  discharge 


giow  «     changes  into  the  glow  discharge.     Here  the  musical 
charge,      note  is  absent,  the  discharge  being  continuous  and 
not  intermittent,  like  the  brush  discharge.      The 
glow  discharge  takes  its  name  from  the  fact  that  a 
faint  glow  of  phosphorescent  light  accompanies  it 
In  the  glow  discharge  the  electric  charge  appears  to 
Cauuot     be  carried  off  the  conductor  by  means  of  a  stream  of 
MrjEftow  air  particles  that  are  violently  thrown  off  the  sur- 
di»cb»rge.   ^^  o^  ^  co,,^,.^     This  motion  of  the  air  par- 
ticles is  due  to  their  repulsion  from  the  charged  con- 
ductor, which  takes  place  as  soon  as,  by  coming  in 
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contact  with  the  conductor,  they  receive  from  it 
an  electric  charge.  The  amount  of  electrification 
required  to  produce  the  glow  discharge  is  decreased 
by  decreasing  the  density  of  the  air  through  which 
the  discharge  is  passing. 

The  glow  discharge  is  sometimes  called  a  con- 
vective  discharge,  for  the  reason  that  the  motions 
it  sets  up  in  the  surrounding  air  somewhat  resemble 
the  convection  streams  or  air  currents  set  up  in  thedShaJgST 
air  around  a  heated  body,  by  means  of  the  difference 
in  the  density  of  the  surrounding  air.  The  glow  or 
convective  discharge  is  sometimes  called  the  silent 
discharge,  in  order  to  distinguish  it  from  the  noisy 
disruptive  discharge. 

A  negatively  charged  conductor  produces  a  dif- 
ferently shaped  discharge  from  a  positively  charged 
conductor.     When  intermittent  discharges  are  tak- 


Fic.  35.— Characteristic  appearance  of  the  brush  discharge  produced  by  a 
positively  charged  conductor,  and  the  star  discharge  produced  by  a  negatively 
charged  conductor. 

ing  place  from  a  negatively  charged  conductor,  they 
generally  assume  the  shape  of  a  star  discharge  in- Difference 
stead  of  the  characteristic  brush-shaped  discharge  anST^" 
from  positively  charged  conductors.     The  difference  paSSU  e 
in  the  appearance  of  the  positive  brush  discharge  and  negative 
the  negative  star  discharge  is  shown  in  Fig.  35.         ge" 


Faraday  has  shown  that  these  differences  are  due 
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to  the  fact  that  a  negative  charge  escapes  more 
readily  into  the  air  than  an  equal  positive  charge. 


from  ma 
chines. 


All  the  three  forms  of  luminous  discharges  above 
described — viz.,  the  spark,  the  brush,  and  the  glow — 
can  be  readily  obtained  from  an  ordinary  induction 
machine,  such  as  the  Toppler-Holtz,  or  Wimshurst 
induction  machine,  by  properly  arranging  the  dis- 
obtafeuigf  charging  balls  or  other  terminals,  provided  for  dia- 
t>^h  and  charging  the  machine.  Placing  the  discharging  balls 
charged"  at  the  proper  separating  distance,  bright  sparks  fol- 
low one  another  with  a  rapidity  depending  on  the 
rate  at  which  electricity  is  being  produced  by  the 
machine.  On  placing  Leyden  jars  in  the  circuit, 
brilliant  white  sparks  occur,  but  at  less  frequent 
intervals  than  when  the  Leyden  jars  are  absent.  If 
the  balls  are  separated  beyond  the  distance  at  which 
the  spark  discharge  occurs,  the  hissing  and  more 
or  less  musical  brush  discharge  takes  place.  If  the 
balls  are  replaced  by  points,  under  suitable  condi- 
tions, the  silent  glow  discharge  occurs. 


If,  while  a  brush  discharge  is  taking  place  between 

or°muitipfe  a  ball  or  sphere  connected  with  the  positive  conduc- 

**    *"*"  tor  and  a  plate  connected  with  a  negative  conductor, 


Fig.  36b— A  Multiple  Discharge  resulting,  under  certain  conditions,  from 
the  breaking  of  a  single  discharge  into  a  number  of  approximately  parallel 
separate  discharges. 


the  terminals  are  brought  near  together,  the  brush 
discharge  takes  the  shape  of  a  number  of  more  or 
less  parallel  separate  discharges,  such  as  are  shown 
in  Fig.  36. 
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It  should  be  carefully  borne  in  mind  that  in  any  of 
the  preceding  luminous  electric  discharges  taking  l$£L0Le 
place  in  air  or  other  medium,  it  is  not  a  stream  of  2£jjEj3- 
electricity  that  becomes  visible  along  the  path  of  the™*"1*- 
discharge,  but  a  stream  of  particles  of  the  air  or 
other  substance  constituting  the  medium,  through 
which  the  discharge  is  passing,  that  have  been  ren- 
dered incandescent  or  luminous  by  the  heat  pro- 
duced by  the  passage  of  the  electricity. 

The  length  of  the  disruptive  discharge  between 
two  opposed  conductors  depends  primarily  upon  the 
difference  between  their  electric  potentials.     It  varies 
markedly  with  the  pressure  of  the  air  or  other  gases 
through  which  the  electricity  passes,  increasing  rap- 
idly as  this  pressure  decreases.     In  other  words,  it 
is  easier  to  pass  a  discharge  through  a  partially  vacu- 
ous space  than  through  air  at  ordinary  pressures. 
The  length  of  spark  also  varies  in  different  gaseous 
media,  being  about  twice  as  long  in  hydrogen  atCircum- 
ordinary  atmospheric  pressures  as  in  ordinary  air.  jgjgj  *- 
A  convenient  method  for  observing  the  color  and££g£.of 
other  peculiarities  produced  by  the  passage  of  the 
discharge  through  different  gaseous  media  consists 
in  placing  the  gases  in  sealed  glass  tubes  provided 
with  platinum  wires  for  leading  the  discharge  into 
and  out  of  the  tubes.     The  different  gaseous  sub- 
stances within  such  tubes  may  either  be  at  ordinary  §JgErge 
atmospheric  pressures,  or  may  be  in  a  partially  rare- tubes- 
fied  state  by  exhaustion  by  means  of  an  air  pump, 
before  the  tubes  are  sealed  by  the  melting  of  the 
glass. 

High-potential  discharges,  when  passed  through 
partial  vacua,  produce  luminous  phenomena,  which 
differ  markedly  in  appearance  with  the  degree  of  ex- 
haustion.    If  a  tube  or  other  inclosed  glass  vessel, 
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filled  with  ordinary  air,  be  connected  with  an  air 
pump  while  disruptive  sparks  are  passing,  a  change 
will  be  observed  in  the  appearance  of  the  discharge, 
as  the  inclosed  space  becomes  more  and  more  rarefied 
inprtJS^  ty  ^e  removal  of  the  air.  At  the  beginning  of  the 
JSS!*"1  exhaustion  the  sparks  lose  their  sharp  definition; 
then  they  gradually  increase  in  width  until  they 
occupy  the  entire  inclosed  space.  This  change  is 
accompanied  by  a  change  in  their  color.  They  no 
longer  possess  the  bright  light  of  the  disruptive 
spark,  but  take  on  the  appearance  of  a  pale  phospho- 
rescent glow,  and  assume  the  characteristic  blue  or 
purple  color  already  referred  to. 

As  the  exhaustion  of  the  glass  vessel  continues, 
the  phosphorescent  glow,  instead  of  filling  the  en- 
tire space,  takes  a  curious  form  of  alternate  patches 
of  light  and  shade,  giving  the  space  a  striated  or 
stmifica-   stratified  appearance.     This  luminous  phenomenon 
cStricldte-  is,  called  the  stratification  of  the  electric  discharge. 
cbargc*      As  the  exhaustion  continues,  the  dark  spaces  be- 
tween the  alternate  luminous  bands  increase  in  width, 
and  the  volume  of  the  discharges  decreases,  until,  at 
very  high  degrees  of  exhaustion,  the  discharges  en- 
tirely cease  to  pass,  even  if  the  difference  of  electric 
potential  between  the  terminals  be  greatly  increased, 
or  the  distance  between  the  discharging  points  is 
greatly  decreased. 

The  curious  fact  exists,  therefore,  that,  as  regards 
its  conducting  power,  air,  at  ordinary  pressures,  is 
a  good  insulator ;  that  while,  at  gradually  decreasing 
pressures,  its  insulating  powers  are  markedly  de- 
pororao? a  creased,  becoming  as  it  does  at  moderately  high 
jjjghvacu-  degrees  0f  exhaustion  a  fairly  good  conductor,  yet 
at  very  high  vacua  air  becomes  an  almost  per- 
fect insulator.     This  fact  is  of  interest  when  taken 
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m  connection  with  the  electric  charge  of  the  earth. 
The  earth,  as  is  well  known,  moves  around  the  sun 
in  a  space  that  is  practically  devoid,  of  all  ordinary 
matter;  or,  in  other  words,  in  an  extremely  high 
vacuum.  Any  electric  charge,  therefore,  imparted 
to  the  earth  is  thus  effectually  prevented  from  being 
test  or  dissipated,  at  least  as  far  as  anything  outside 
the  earth  is  concerned.     A  glass  tube  orovided  with 


ling-in  platinum  wim.  Tbc  Rises  projection  at  tie  upper  right-bind 
net,  is  where  the  tube  ni  cemecitd  to  the  alt-puatp.  Thta  tube,  mi,  how- 
r,  jubwquently  naled  by  the  "*'''"g  or  fusion  of  the  gian. 


closely  approximated  conducting  wires  of  platinum, 
and  containing  the  non-conducting  vacuum,  is  shown 
in  Fig.  37.  When  the  platinum  wires  are  connected  J^UDJ 
with  the  terminals  of  a  machine  capable  of  causing 
sparks  to  pass  freely  through  an  inch  or  more  of 
air,  the  sparks  absolutely  refuse  to  pass,  thus  show- 
ing that  a  high  vacuum  is  a  very  much  better  non- 
conductor than  is  air  at  ordinary  pressures. 

In,  order  to  be  able  to  readily  produce  electrical 
striae  without  being  compelled  to  obtain  the  proper 
degree  of  exhaustion  each  time  this  effect  is  desired,^ 
stratification  tubes  are  prepared.     These  consist,  as 
shown  in  Fig.  38,  of  glass  tubes  provided  with  lead- 
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ing-in  wires  or  conductors,  the  tubes  are  filled  with 
various  gaseous  substances  and  are  then  exhausted 
until  the  desired  stratification  effects  are  produced, 
when  they  are  permanently  sealed  by  the  fusion  of 
the  glass. 

Much  study  has  been  given  to  the  cause  of  electric 
*  striae.    De  la  Rue  asserts  that  the  striae  begin  at  the 
thTeiSSrti:  positive  terminal  in  the  tube,  and  move  forward 
%*"•        through  the  tube  toward  the  negative  terminal.  This 


Fig.  jB.— SuslinCMion  Tube*.    Note  the  alternate  (trie. 

fact  can  be  established  by  the  examination  of  the 
striae  by  intermittent  flashes  of  light.  The  striae 
increase  in  number  with  an  increase  in  the  degree 
of  vacuum,  and  also  with  an  increase  in  the  differ- 
ence of  potential  between  the  discharging  points. 
The  luminous  portions  of  the  striae  are  of  a  higher 
temperature  than  the  dark  portions. 

The  cause  of  the  striae  has  been  attributed  by 
some  to  an  interference  between  rapid  successive 


Gdnler 
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discharges,  but  it  is  not  clear  just  how  such  inter- 
ferences take  place:  Gassiot  regards  the  striae  as 
possibly  being  due  to  luminous  waves  produced  dur- 
ing the  discharge,  and  believes  the  dark  portions 
are  due  to  nodes,  or  points  of  no  motion,  similar  to 
the  nodes  observed  in  the  vibration  of  a  stretched 
string  or  wire. 

In  order  to  readily  obtain  some  of  the  beautiful 
effects  produced  by  electric  discharges  in  partial 
vacua,  Geissler  and  others  have  produced  thin  glass  S2! 
tubes  and  bulbs  of  various  shapes,  provided  with  me- 
tallic leading-in  wires  and  terminals,  and  filled  with 
various  gaseous  substances.  The  tubes  are  exhausted 
while  the  electric  discharges  are  passing,  and,  when 
the  desired  luminous  effects  are  obtained,  exhaustion 
is  stopped,  and  the  tube  is  hermetically  sealed  by  the 
melting  of  the  part  connected  to  the  pump.  This 
method  is  much  handier  than  endeavoring  to  obtain 
a  vacuum  of  a  definite  degree  of  exhaustion  each 
time  the  tube  is  desired  to  be  used;  for  luminous 
effects  of  different  characters  depend  on  a  variety 
of  circumstances.  It  is  advisable,  however,  when 
this  method  of  procedure  is  adopted,  to  be  care- 
ful to  employ  as  nearly  as  possible  the  same  dif- 
ference of  potential  between  the  terminals  of  the 
tube  as  is  likely  to  be  employed  in  practice.  These 
tubes  are  generally  named  Geissler  tubes,  from  Geis- 
sler, who  first  produced  them. 

Fluores- 

In  order  to  increase  the  beauty  of  electric  dis-SSlca 
charges  through  Geissler  tubes,  all  or  parts  of  theiT&SLer 
tube  are  sometimes  made  of  uranium  glass.    Glass  u 
containing  uranium  possesses  the  power  of  fluores- 
cing, or  causing  some  of  the  radiant  energy  produced 
during  the  discharge,  that  would  otherwise  be  invis- 
ible to  the  eye,  to  be  so  changed  that  it  is  able  to 
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produce  a  beautiful  green  light.  Similar  effects 
are  also  produced  by  introducing  fluorescent  liquids, 
such  as  sulphate  of  quinine,  a  substance  which  fluo- 
resces with  a  purplish  or  bluish  light. 

In  the  same  way  different  luminous  effects  are 
produced  by  placing  in  Geisslex  tubes  various  phos- 
Sioyed  phorescent  substances;  i.e.,  substances  which  possess 
bea.  the  power  of  becoming  self-luminous  when  exposed 
to  a  bright  light.  Calcium  and  barium  sulphides, 
sugar,  and  various  compounds  of  uranium  are  some 
substances  that  possess  this  power.  Besides  increas- 
ing the  beauty  of  the  luminous  effects,  while  the  dis- 
charge is  passing,  such  tubes  will  continue  to  glow,  in 


Fig.  39.-  -Electric  Phosphor 
tlTe  ditciuaga  between  the  U 
[airly  high  vacuum. 

a  dark  room,  long  after  the  discharges  have  ceased 
to  pass.  Such  an  effect  is  shown  in  Fig.  39,  which 
represents  an  electric  phosphorescence  tube.  Here 
the  phosphorescent  substances,  barium  or  calcium 
sulphides,  placed  in  the  bottom  of  the  tube,  become 
beautifully  self-luminous  during  the  passage  of  a 
discharge  between  the  terminals  P  and  N,  This 
same  tube,  long  after  the  electric  discharge  has  ceased 
to  pass,  will  continue  to  glow  in  the  dark,  though, 
of  course,  not  so  brightly. 

The  calcium  and  barium  sulphides  above  alluded 
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to  are  the  substances  which  are  sometimes  employed 
on  match  safes,  or  similar  objects,  as  phosphorescent  SceSt0" 
paints.  On  exposure  to  sunlight,  any  surfaces  cov-1*1111** 
ered  with  such  paints  will  continue  to  glow  through- 
out the  night  with  a  faint  phosphorescent  light,  and 
thus  locate  in  a  dark  room  the  position  of  a  match 
safe  or  other  object.  If  painted  on  the  face  of  a 
clock,  it  will  give  sufficient  light  to  enable  the  time  to 
be  seen  by  one  near  to  the  clock  without  any  other 
illumination. 

As  we  will  be  better  able  to  understand  further  on 
in  this  book,  when  we  have  studied  electro-magnetic 
phenomena,  luminous  electric  discharges  are  curi-  influence 
ously  affected  by  the  presence  of  magnets,  altering  ism  on 
either  their  position  or  shape  on  the  approach  of  a  discharges, 
magnet ;  or,  in  some  cases,  actually  revolving  around 
the   magnet.     These  effects  are  somewhat  similar 
to  the  action  produced  by  magnets  on  readily  mov- 
able electric  conductors,  when  electric  currents  are 
passing  through  them. 

A  form  of  apparatus  designed  to  illustrate  the 
luminous  effects  produced  by  electric  discharges  is 
shown  in  Fig  40.  It  is  sometimes  called,  from  its  Electric 
shape,  the  electric  egg.  It  consists  of  a  glass  vessel cgg* 
provided  with  suitable  terminals  for  the  passage  of 
the  electric  discharge.  The  lower  end  is  furnished 
with  a  screw  thread  for  ready  attachment  to  the 
plate  of  an  ordinary  air  pump.  With  this  apparatus 
many  of  the  luminous  effects  produced  by  the  dis- 
charge can  be  readily  obtained. 

A  variety  of  pleasing  luminous  effects,  produced 
by  a  series  of  small  disruptive  discharges,  can  be 
obtained  by  arranging  various  groupings  of  minute 
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discharge  paths  on  glass  surfaces.     This  is  accom- 

spukube.  pjished  by  fastening  small  particles  of  tin-foil  on  the 

surface  of  the  glass,  and  leaving  short  intervening 

air  gaps  or  spaces  between  adjacent  pieces.    By  caus- 


Kic-.  43.— The  Electric  Egg.  A  glans  vessel  provided  for  producing  lumlnoui 
effects  by  the  passage  of  discharges  through  partial  vacua.  Mote  rftat  the 
upper  rod  can  be  slid  toward  or  from  the  lower  rod,  thus  varying  the  length 
of  the  path  of  the  discharge. 


ing  high-potential  discharges  to  pass  from  one  end 
of  such  paths  to  the  other,  brilliant  flashes  of  light 
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occur  at  the  air  spaces,  across  which  the  charge 
passes  disruptively,  but  no  light  is  produced  at  the 
places  occupied  by  the  patches  of  tin-foil.  A  glass 
tube  so  arranged  is  shown  in  Fig.  41 

It  is  very  easy  to  obtain  similar  effects  by  placing 
pieces  of  tin-foil  on  sheets  of  glass,  arranged  so  as  Electrically 
to  form  the  outline  of  a  figure  or  design.  In  the  [JiSure!11 
same  way  names  can  be  produced,  together  with  a 
variety  of  other  effects.  The  separate  pieces  of  foil 
may  either  be  placed  one  after  another  on  the  glass, 
or,  which  is  perhaps  easier,  the  entire  surface  of  the 
glass  intended  to  be  occupied  by  the  picture  may  be 
covered  with  a  single  sheet  of  tin-foil,  and  the  breaks 


Fig.  41.— A  ipurk  tube  arranged   to  produce  dailies  of  light  along  a  spiral 

or  air  gaps,  obtained  by  removing  the  foil  at  the  nec- 
essary places.  When  arranged  on  glass  places,  it 
is  always  preferable  to  leave  a  fairly  wide  border 
or  space  unoccupied  by  foil,  since,  otherwise,  exces- 
sive leakage  might  occur  at  the  edges. 

A  device  called  the  lightning  jar,  intended  to 
illustrate  the  irregular  path  taken  by  lightning  dis- 
charges, consists  of  an  ordinary  Leyden  jar,  the  LI_»rtoin_ 
outer  coating  of  which  is  formed  by  sprinkling  brass  !»■ 
filings  over  the  surface  while  covered  with  moistened 
gum.  When  the  gum  dries,  the  filings  adhere  to  the 
surface  of  the  jar,  and  form  the  outer  coating.  When 
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such  a  jar  is  discharged  a  flash  of  light  may  be  ob- 
served in  a  dark  room,  not  unlike  that  of  the  ordinary 
so-called  zig-zag  lightning. 

A  variety  of  luminous  phenomena,  observed  in  the 
atmosphere,  are  caused  by  the  passage  through  it  of 
Itefo1?10  s  electric  discharges.  One  of  these  phenomena,  called 
£Sy/?ly  the  St.  Elmo's  Fire,  occurs  at  times  when  the  at- 
mosphere is  highly  charged  with  electricity.  It  con- 
sists of  faintly  luminous  brushes  or  tongues  of  fire 
that  occur  at  the  extremities  of  tall  objects,  such  as 
the  masts  and  yards  of  ships,  the  tops  of  church 
spires,  at  the  ends  of  the  branches  of  trees,  and  in 
other  similar  locations.  These  phenomena  are  due 
to  a  brush-like  discharge  of  electricity  from  the 
points  of  the  object  into  the  air.  The  name  St 
Elmo's  Fire  was  given  to  these  appearances  by  some 
superstitious  Spanish  sailors,  who  believed  the  light 
to  proceed  from  the  body  of  their  dead  saint.  For 
this  reason  they  are  often  called  by  sailors  corpo- 
sants, the  word  referring  to  the  body  of  the  saint 
The  name  has  been  retained  in  later  days. 

We  have  already  noticed  the  fact  that  the  similar 
piiny.        luminous  phenomena  were  referred  to  by  Pliny,  in 
his  "Natural  History."     The  Roman  sailors  hailed 
with  special  delight  the  appearance  of  two  such 
castor  and  luminous  tongues,  and  called  them  Castor  and  Pol- 
°  "*"      lux,  the  gods  whom  they  believed  presided  over  navi- 
gators.    When,  however,  but  a  single  tongue  of  fire 
was  observed,  they  regarded  the  phenomenon  with 
dread,  as  signifying  danger  and  misfortune.     The 
following  account  of  such  phenomena  is  taken  from 
De  la  Rive : 

"In  1696,  at  anchor  off  the  Balearic  Isles,  during 
very  dark  weather,  accompanied  by  frightful  light- 
nings and  thunders,  Forbin  relates  that  they  saw  on 
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the  ship  that  it  was  surmounted  by  more  than  thirty 
St.  Elmo's  fires ;  there  was  one  in  particular,  on  the 
top  of  the  vane  of  the  mainmast,  which  was  half  a 
yard  in  height.     A  sailor,  having  climbed  to  the  top 
of  the  mast,  related  that  the  fire  made  a  particular 
noise,  which,  according  to  the  description  that  he 
gave  of  it,  appeared  to  be  in  every  respect  similar 
to  that  which  is  made  by  electricity,  when  it  escapes 
into  the  air  under  the  influence  of  a  powerful  tension. 
The  sailor,  having  removed  the  vane,  immediately 
saw  the  fire  leave  it  to  transfer  itself  to  the  top  of  the 
mast.     Many  cases  are  cited,  in  which  soldiers,  espe-Svc^de- 
daily  cavalry  (which  is  due  to  their  being  more  ele-  stri£mo>£ 
vated),  have  seen  fires  shining  on  the  points  of  their  oSTth?  Si? 
lances  and  their  swords.     But  it  is  especially  in  time learic  Islcs 
of  storm  that  these  fires  are  seen  on  the  summit  of 
clock  towers  and  of  elevated  places  in  general.  Wat- 
son relates  that  M.  Binon,  cure  of  Planzel  in  France, 
observed  for  twenty-seven  consecutive  years  that, 
during  great  storms,  the  three  points  of  the  cross  of 
the  bell-tower  of  his  church  appeared  enveloped  in 
flames.     Although,   in  contradistinction,   there  are 
very  elevated  places  that  never  present  these  appear-  obaerva- 
ances,  it  is  probable  that  it  is  due  to  want  of  obser-  Btoon°cure 
vation,  their  having  in  general  been  so  little  remarked0 
upon  the  salient  parts  of  ships,  at  the  point  of  bell- 
towers,  or  upon  the  rods  of  the  vanes,  and  the  light- 
ning conductors  placed  upon  the  summits  of  houses. 
Besides,  a  sufficient  number  of  them  have  been  ob- 
served to  have  enabled  us  to  point  out  differences 
between  these  lights,  not  only  in  respect  to  their  in- 
tensity, but  also  in  regard  to  their  forms;  thus,  al- 
though most  frequently  they  resemble  brushes,  never- 
theless it  also  sometimes  happens  that  their  light  isfo^nof  t 
found  concentrated  into  a  small  globe,  without  anyfixi. 
trace  of  diverging  jets." 
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De  la  Rive  points  out  the  fact  that  it  is  not  only 
phS^SSa  at  the  extremities  of  tall  objects  that  such  lumi- 
toEuiopI  nous  phenomena  appear.     Sometimes  objects  on  the 
I783*         earth's   surface  acquire  this   luminous   appearance 
during  the  progress  of  storms.     At  times  even  the 
rain,  snow,  or  hail  emits  a  faint  phosphorescent  light 
or  glow.     During  the  famous  dry  fog  of  1783,  that 
covered  the  greater  part  of  Europe,  a  diffused  light, 
visible  at  night,  occurred,  which  was  sufficiently  in- 
tense to  enable  one  to  distinctly  see  fairly  near  ob- 
jects.    Such  luminous  phenomena  are  generally  at- 
tended by  the  peculiar  hissing  sound  characteristic 
of  the  brush  discharge. 

Brewster  mentions  the  case  of  two  English  travd- 
Brewster  lers  who  were  surprised  during  a  descent  of  Mt. 
JSusetec-  Etna  by  a  heavy  snowstorm.  On  this  occasion,  the 
LomenTon  air  was  so  heavily  charged  with  electricity  that,  in 
Mt.  Etna.    a(j(jjtjon  to  frequent  violent  lightning  flashes,  they 

heard  a  hissing  sound  whenever  they  extended  their 
arms  in  the  air.  The  appearance  of  St.  Elmo's  Fire 
on  the  masts  and  spars  of  a  ship  is  shown  in  Fig.  42. 
Usually  only  one  or  two  such  fires  are  seen  on  the 
spars  at  the  same  time. 

But  a  far  more  beautiful  phenomenon,  frequently 
observed  in  the  atmosphere  at  certain  seasons  of  the 
reaiisand  year,  is  known  as  the  Aurora  Borealis  when  it  occurs 
in  the  Northern  Hemisphere,  and  the  Aurora  Au- 
stralis  when  it  occurs  in  the  Southern  Hemisphere. 
These  phenomena  are  due  to  the  passage  of  the  elec- 
tric discharge  through  the  higher  regions  of  the 
atmosphere,  where  the  density  of  the  air  permits 
it  to  act  as  a  fairly  good  electric  conductor. 

The  Aurora  takes  its  name  from  "aurora,"  or  the 
morning  hour,  from  the  fact  that  the  light  seen  near 
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the  horizon  at  the  beginning  of  the  phenomenon 
presents  an  appearance  not  unlike  the  dawn  of  day.  jJ^T0™1 
During  its  occurrence  an  auroral  arch,  or  corona,  »"«>■. 
as  it  is  sometimes  called,  appears  in  the  northern 
sky,  with  its  highest  part  immediately  under  the  posi- 
tion occupied  by  the  north  magnetic  pole  of  the 


earth.  The  height  which  the  arch  occupies  above 
the  horizon  is  greater  in  higher  latitudes — that  is, 
in  regions  nearer  to  poles  of  the  earth.  As  the 
aurora  progresses,  the  corona  gradually  rises  higher 
in  the  sky,  and  streams  of  light  of  varying  colors 
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— white,  red,  and  purplish,  and  even,  on  rare  occa- 
sions, yellow  and  green — dart  suddenly  up  through 
;■$  the  arch.     These  movements  are  at  times  so  rapid 
**    and  irregular  that  in  the  Shetland  Islands  they  are 
called  the  "Merry  Dancers."     The  continually  rapid 
movements  in  all  parts  of  the  aurora  form  an  ex- 
ceedingly characteristic  feature  of  the  phenomenon. 
Sometimes  only  a  single  streamer  starts  up,  increases 
in  size  and  brilliancy,  moves  rapidly  over  the  sky, 
i      and  fades  away ;  or,  a  series  of  streamers  follow  one 
another  in  rapid  succession.     At  times  these  move- 
ments give  to  the  sky  an  appearance  that  has  been 


Fio.  43.— Magnificent  Auroral  Curtain  Been  on  the  coast  of  Finland,  let.  70"  N. 
Note  the  resemblance  to  the  folda  of  a  ribbon. 

very  properly  likened  to  the  drifting  of  a  luminous 
storm  of  snow  or  rain  across  the  heavens.  At  other 
times  a  series  of  parallel  rays  in  the  form  of  a  lumi- 
nous curtain,  or  several  curtains  placed  one  behind 
another,  extend  across  the  sky  from  east  to  west. 
This  is  known  as  the  curtain  formation  of  the 
aurora.  Fig.  43  shows  the  appearance  of  a  single 
auroral  curtain,  observed  on  the  coast  of  West  Fin- 
land, lat.  70  degrees  N.,  during  the  winter  of  1838- 
39.  The  parallel  rays  of  the  curtain  are  clearly 
shown.     A  constant  motion  of  the  curtain  occurred. 


AUTOMOBILE    FITTED   WITH    WIRELESS   TELEGRAPH    / 

This  raovibli  nleinpb  still  on  his  been  used  to  innsmll  stock  que 
"Curb  Mirkct."  In  Mew  York,  to  virlous  brokers'  offices.  It  is. 
thing  o(  in   oddity,   built   chiefly   to    sbo»   the    possibilities   of  *lr 
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The  luminous    rays  not  only   appeared   to  move 
rapidly  across  the  horizon,  but  they  rapidly  grew 
longer  or  shorter,  changing  very  suddenly  in  splen-  Mvnl6. 
dor.    The  horizontal  motion  of  the  streamers  gave™^. 
the  auroral  curtain  the  appearance  of  a  band  of"„r™ 
ribbon,  or  of  a  flag  shaken  by  the  wind,  this  being  fS*^. 
greatly  aided  by  the  color  of  the  light,  which  was 
blood  red  at  the  base,  emerald  green  in  the  middle, 
and  pale  yellow  at  the  upper  parts.    At  other  times, 
an  auroral  band,  consisting  of  a  single  streamer,  ex- 
tended across  the  heavens  from  east  to  west.     The 
red  glow  observed  during  the  progress  of  some  au- 
roras is  at  times  so  well  marked  that  it  has  been  mis- 
taken for  the  glow  of  a  distant  conflagration. 

Corona  an 

The  general  appearance  of  an  auroral  corona,  with 
the  streamers,  is  seen  in  Fig.  44.     The  streamers 


radiate  from  a  centre  situated  behind  the  horizon. 
They  differ  in  size,  brilliancy  and  color, 

The  following  description  of  an  aurora  was  given 
by  Humboldt  in  the  "Cosmos" : 
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"An  aurora  borealis  is  always  preceded  by  the 
SSSiJtion8  formation  in  the  horizon  of  a  sort  of  nebulous 
Sn^T"  veil,  which  slowly  ascends  to  a  height  of  40,  6°, 
rona.        go^  an(j  even  t0  IQo^     jt  js  toward  the  magnetic 

meridian  of  the  place  that  the  sky,  at  first  pure,  com- 
mences to  get  brownish.  Through  this  obscure  seg- 
ment, the  color  of  which  passes  from  brown  to  violet, 
the  stars  are  seen,  as  through  a  thick  fog.  A  wider 
arc,  but  one  of  brilliant  light,  at  first  white,  then 
yellow,  bounds  the  dark  segment.  Sometimes  the 
luminous  arc  appears  agitated  for  entire  hours  by  a 
sort  of  effervescence,  and  by  a  continual  change  of 
form  before  the  rising  of  the  rays  and  columns  of 
and  cSon  light,  which  ascend  as  far  as  to  the  zenith.  The  more 
Sght.ro  intense  the  emission  is  of  the  polar  light,  the  more 
vivid  are  its  colors,  which  from  violet  and  bluish 
white  pass  through  all  the  intermediate  shades  to 
green  and  purple  red.  Sometimes  the  columns  of 
light  appear  to  come  out  of  the  brilliant  arc,  mingled 
with  blackish  rays,  similar  to  a  thick  smoke;  some- 
times they  rise  simultaneously  in  different  points  of 
•  the  horizon;  they  unite  themselves  into  a  sea  of 
flames,  the  magnificence  of  which  no  painting  could 
express ;  for,  at  each  instant,  rapid  undulations  cause 
their  form  and  brilliancy  to  vary.  Motion  appears 
to  increase  the  visibility  of  the  phenomenon.  Around 
the  point  in  the  heaven  which  corresponds  to  the  di- 
rection of  the  dipping-needle  produced,  the  rays  ap- 
anoe^eir    pear  to  assemble  together  and  to  form  the  boreal 

termination r  ~  - 

of  phcnom-  corona.  It  is  rare  that  the  appearance  is  so  com- 
plete, and  is  prolonged  to  the  formation  of  the 
corona,  but,  when  the  latter  appears,  it  always  an- 
nounces the  end  of  the  phenomenon.  The  rays 
then  become  more  rare,  shorter,  and  less  vividly 
colored.  Shortly  nothing  further  is  seen  on  the 
celestial  vault  than  wide,  motionless,  nebulous  spots, 
pale  or  of  an  ashy  color;  they  have  already  disap- 
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peared,  when  the  traces  of  the  dark  segment,  whence 
the  appearance  originated,  are  still  remaining  on  the 
horizon." 

The  height  of  the  aurora  has  been  variously  esti- 
mated.    The  earlier  observers  believed  that  it  was  Height  of 
limited  to  the  higher  regions  of  the  atmosphere, aurora- 
where  the  conducting  power  of  the  air  is  great 
They  founded  this  belief  on  the  fact  that  apparently 
the  same  aurora  could  be  simultaneously  seen  by  ob- 
servers some  thousands  of  miles  apart.     More  recent 
observers,  however,  believe  that  the  phenomenon  oc-  Daiton  and 
curs  in  much  lower  regions.     Daiton  places  their  Sj5wn" 
height  at  about  241  miles  above  the  general  level  of 
the  earth;  Newton,  at  130  miles;  and  Nordenskjold, 
at  from  118  to  125  miles.     Still  more  recent  obser- 
vations place  the  phenomenon  at  no  greater  height 
than  69  miles. 

As  regards  the  geographical  distribution  of  au- 
roras, they  are  practically  confined  to  comparatively  SXKbi- 
narrow  belts  or  zones.     Auroras  are  unknown  attlono 


aurora. 


the  equator,  and  rarely  occur  in  the  Northern  Hemi- 
sphere at  latitudes  less  than  40  degrees.     From  this 
latitude  their  frequency  and  brilliancy  increase  to- 
ward the  pole.     It  is  not,  however,  in  the  immediate 
neighborhood  of  the  pole  that  the  greatest  auroral 
activity  occurs.     In  the  chart  shown  in  Fig.  45,  of 
the  Isochasmen  lines,  as  the  lines  of  equal  auroral 
frequency  are  called,  it  will  be  seen  that  the  number 
of  auroras  increases  as  we  approach  the  pole,  al- 
though, as  before  noted,  the  number  is  not  greatest 
in  the  immediate  neighborhood  of  the  pole.     It  will  i^h?rmen 
be  also  noted  that  the  Isochasmen  lines  do  not  have  iquluu- 
their  centre  in  the  north  magnetic  pole  of  the  earth,  *<£££* 
but  that  this  pole  is  situated  considerably  to  one  side 
of  the  centre.     Of  course,  it  must  be  remembered 
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that  such  a  chart  is,  at  best,  only  an  approxima- 
tion toward  the  actual  state  of  things,  since  the  num- 
ber o£  observations  is  as  yet  too  limited  to  permit 
of  any  exact  representation. 

Nordenskjold,  who  passed  the  winter  of  1878-79 
in  Bering  Strait,  states  that  during  that  time  he 
found  the  earth  to  be  continually  surrounded  by  a 


Fig.  +5.-  -Chart  of  the  luchasmeu  Lines,  or  lines  of  equal  auroral  ftcqiicncr. 

single  or  double  ring  of  auroral  light,  which  he  calls 
the  "Aurora  Glory."  He  says,  concerning  this  phe- 
nomenon : 
■kjodaad  "Our  globe,  even  during  a  minimum  aurora  year, 
siory.  is  adorned  with  an  almost  constant  crown  of  light, 
single,  double,  or  multiple,  whose  inner  edge  was 
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usually,  during  the  winter  of  1878-79,  at  a  height  of 
about  0.03  of  the  radius  of  the  earth  (120  miles) 
above  its  surface,  whose  surface  was  somewhat  under 
the  earth's  surface,  having  its  centre  a  little  north 
of  the  magnetic  pole,  and  which,  with  a  diameter  of 
about  0.32  radius  of  the  earth  (about  1,280  miles), 
extends  in  a  plane  perpendicular  to  the  earth's  radius 
which  passes  through  the  centre  of  this  luminous 
ring." 

Fig.  46,  taken  from  Nordenskjold's  "Arctic  Voy- 
ages," shows  the  Aurora  Glory  as  a  double  luminous  at 


Fi*. 46.— Chart  showing  the  position  °J  the  Double  Luminous  Crown  or 
the  Aurora  Glory,  alter  Nordeuikjold.  Nole,  by  comparison  with  Fig.  71. 
that  the  centre  of  the  Aurora  Glory  it  nearly  coincident  with  the  magnetic  pole. 

ring.  The  inner  ring,  called  the  common  arc,  is 
more  regular  than  the  outer  ring,  and  is  always 
present.     The  outer  ring  is  sometimes  absent. 

As  to  the  cause  of  the  aurora,  there  appears  to  be 
no  doubt  that  it  is  due  to  electric  discharges  passing 
through  the  rarer  layers  of  the  atmosphere.  It  is 
certain  that  effects  almost  precisely  similar  to  the 
aurora  can  be  produced  by  the  passage  of  discharges 
of  high  electro-motive  force  through  vacuum  tubes. 
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Moreover,  during  the  prevalence  of  the  aurora,  an 
Disturb-  excess  of  free  electricity  is  almost  invariably  ob- 
tS^raph  served  to  be  in  the  air.  During  these  times  tele- 
motUate"  graphic  lines  will  collect  sufficient  electricity  from 
electricity.  fae  ajr  to  0perate  the  instruments,  without  the  aid 

of  the  voltaic  batteries  that  are  generally  employed. 
Not  infrequently,  the  quantity  of  electricity  so  col- 
lected is  sufficient  to  prevent  the  proper  operation  of 
the  line.     So  well  are  these  facts  known  to  tele- 
&SK2"1  graph  men  that  when  they  observe  such  disturbances 
dl6tS£>h,c  to  occur  during  the  day,  they  generally  look  for 
JSJwjS1"1    auroral  displays  the  same  night,  and  are  seldom 
displays,     disappointed  in  their  expectations.     Sometimes  the 
quantity  of  free  electricity  thus  collected  from  the 
air  is  sufficiently  great  to  violently  ring  the  call  bells 
employed  on  the  lines. 

In  this  connection  it  will  be  interesting  to  note 
Electric      the  following  account  taken  from  the  United  States 
Somber  Signal  Service  Reports  of  an  electric  storm  which 
x7, 188a.      occurred  in  the  United  States,  November  17,  1882. 
This  storm  began  shortly  before  daylight,  and  mani- 
fested itself  by  interfering  with  the  telegraph  lines. 
For  at  least  three  hours  the  Western  Union  Tele- 
graph Company  had  not  a  single  wire  over  its  entire 
system  that  could  be  properly  worked.     The  trouble 
decreased  later  in  the  day,  and  afterward,  at  night, 
a  brilliant  aurora  prevailed  over  the  eastern  half  of 
North  America,  over  all  the  Atlantic  Ocean,  and 
most  of  Northwestern  Europe,  where  all  telegraph 
interfcr-     seryice  was  interrupted.     Neither  the  cables  to  Eu- 
traCnsln       roPe  nor  ^e  lanc*  'ines  *n  America  could  be  operated. 
cabiesand  The  ca'l  annunciators  in  the  telephone  offices  dropped 
tlilgrAph    ty  reason  of  the  action  of  atmospheric  currents, 
lines.         an(j  at  Albany  and  Chicago  the  switchboards  were 
destroyed  by  fires  of  electric  origin,  due  to  the  pas- 
sage of  excessive  electrical  currents  taken  from  the 
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air.     At  St.   Paul,  Minnesota,  the  currents  taken 
from  the  air  were  sufficiently  strong  to  operate  an 
incandescent  electric  lamp.     Telegraphic  messages Tcle. 
were  sent  from  Bangor,  Maine,  to  North  Sydney ,  SSS^es 
Cape  Breton  Island,  a  distance  of  710  miles,  by  cur- Kb1* 
rents  taken  from  the  earth.     This  line  was  ordi-current8, 
narily  operated  by  means  of  currents  taken  from  100 
cells  of  the  common  telegraphic  battery. 

De  la  Rive  regards  the  connection  between  atmos- 
pheric electricity  and  the  aurora  as  unquestioned. 
He  thus  remarks  concerning  auroral  phenomena : 

"We  have  seen  that  the  atmosphere  is  constantly 
charged  with  positive  electricity — electricity  fur-5?theRlTe 
nished  by  the  vapors  that  rise  from  the  sea,  essen-~?Eaio£ 
tially  in  tropical  regions,  and  that,  on  the  other cSlnom" 
hand,  the  earth  is  negatively  electrized;  the  recom- 
position  or  neutralization  of  the  two  contrary  elec- 
tricities of  the  atmosphere  and  of  the  terrestrial 
globe  is  brought  about  by  means  of  the  greater  or 
less  moisture  with  which  the  lower  strata  of  the  air 
are  impregnated.  But  it  is  especially  in  the  polar 
regions,  where  the  eternal  ices,  that  reign  there  con- 
stantly, condense  the  aqueous  vapors  under  the  form 
of  haze,  that  this  recomposition  must  be  brought 
about ;  the  more  so  as  the  positive  vapors  are  carried 
thither  and  accumulated  by  the  tropical  current, 
which,  setting  out  from  the  equatorial  regions,  where 
it  occupies  the  most  elevated  regions  of  the  atmos- 
phere, descends  in  proportion  as  it  advances  toward 
the  higher  latitudes,  until  in  the  neighborhood  of  the 
poles,  where  it  comes  into  contact  with  the  earth. 
It  is  there  then  that  the  discharge  between  the  posi-Wh  auro^ 
tive  electricity  of  the  vapors  and  the  negative  elec-  «*i  displays 

*  occur  in 

tricity  of  the  earth  must  essentially  take  place,  with  w^tf- 
accompaniment  of  light,  when  it  is  sufficiently  in- 
tense ;  if,  as  is  almost  always  the  case  near  the  poles, 
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and  sometimes  in  the  higher  parts  of  the  atmosphere, 
it  meets  on  its  route  with  extremely  small  icy  par- 
ticles, which  constitute  the  hazes  and  the  very  ele- 
vated clouds." 

De  la  Rive  then  points  out  the  effects  that  should 
JfSrth't    be  produced  by  the  earth's  magnetism  on  the  mov- 
SflSroS?  ing  parts  of  the  luminous  haze  referred  to  in  the 
phcnom-     a}X)ve  quotation,  which  practically  act  as  a  moving 
electric  conductor,  and  describes  a  form  of  apparatus 
by  means  of  which  results  similar  to  aurora  may  be 
artificially  produced  by  the  combined  action  of  elec- 
tric discharges  and  magnetism. 

"Now,  if  we  examine  what  ought  to  take  place  in 
the  portion  of  the  luminous  haze,  which  is  nearest  to 
the  terrestrial  globe,  and  consequently  to  the  polar 
regions,  we  shall  find  that  the  magnetic  pole  should 
exercise  over  this  electrized  matter,  which  is  a  veri- 
table movable  conductor,  traversed  by  a  succession 
Reaction     of  discharges,  an  action  analogous  to  that  which  is 
thelarSi's  exercised  in  the  experiment  that  we  have  described 
aSKEe1™1  when  engaged  with  the  luminous  effects  of  elec- 
ha?e?wh8ich  tricity,  by  the  pole  of  an  electro-magnet  over  the  jets 


is  a  mov- 


able electric  of  electric  light  that  are  made  to  converge  in  ex- 
tremely rarefied  air.  We  have  seen  that,  as  soon  as 
the  soft  iron  cylinder,  which  serves  as  an  electro- 
magnet, is  magnetized,  the  electric  light,  instead  of 
coming  out  indifferently  from  the  divers  points  of 
the  upper  surface,  that  serve  as  a  pole,  as  had  taken 
place  before  the  magnetization,  comes  out  only  from 
all  the  points  of  the  circumference  of  this  surface,  so 
as  to  form  around  it  as  it  were  a  continuous  luminous 
ring.  This  ring  possesses  a  movement  of  rotation 
Au?o?aof  around  the  magnetized  cylinder,  sometimes  in  one 
Glory"  direction,  sometimes  in  another,  according  to  the 
direction  of  the  discharge  and  the  direction  of  the 
magnetization.      Finally  some  more  brilliant  jets 
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seem  to  come  out  from  this  luminous  circumfer- 
ence, without  being  confounded  with  the  rest  of  the 
group." 

It  is  interesting  to  note,  as  showing  the  relation 
between  the  magnetism  of  the  earth  and  auroral 
phenomena,  that  the  occurrence  of  aurora  is  nearly  ££*£? 
always  simultaneous  with  the  occurrence  of  an  un-SSSSL^hc" 
usual  number  of  sun  spots,  and  also  that  magnetic  SSS2?- 
storms,  or  storms  in  which  the  magnetism  of  theSSSis. 
earth  undergoes  marked  changes    both  in  direc- 
tion and  intensity,  occur  also  especially  during  the 
time  both  of  sun  spots  and  of  unusual  auroral  ac- 
tivity. 

A  spectroscope  examination  of  the  light  emitted 
by  an  aurora  shows  the  presence  of  a  few  bright  8^^%- 
lines,  which,  although  they  in  general  resemble  theSFaurJEa 
spectrum  of  the  light  produced  by  electric  discharges  lg  L 
passing  through  ordinary  air,  yet,  according  to  S.  P. 
Thompson,  are  not  referable  to  any  known  sub- 
stance. 
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CHAPTER  VII 

THERMAL,     MECHANICAL,     AND    OTHER     EFFECTS 
OF   ELECTRIC    DISCHARGES 

"First  let  me  talk  with  this  philosopher; 
What  is  the  cause  of  thunder?'1 

— King  Lear,  Act  III,  Scene  IV. 

THE  passage  of  disruptive  discharges  through 
air  is  invariably  attended  by  an  increase  in 
cougcs.  temperature.     This  increase  in  temperature, 

of  course,  produces  an  expansion  or  increase  in  vol- 
ume.  In  addition  to  the  increase  of  temperature,  a 
Kin-         violent  mechanical  motion  is  set  up  by  the  discharge 
electric8     in  the  particles  of  the  air.   Kinnersley,  in  1761,  de- 
mometer.    vised  a  simple  form  of  electric  thermometer  which 
depends  for  its  operation  on  the  expansion  of  the  air 
produced  by  the  increase  of  temperature. 

Kinnersley's  electric  thermometer  is  shown  in  Fig. 
47.     It  consists  of  two  glass  tubes  of  unequal  diam- 
eter, communicating  with  each  other  at  their  lower 
ends.     The  larger  tube  is  closed  by  a  metallic  cap, 
through  which  extends  a  metallic  rod,  terminating 
at  each  end  with  metallic  balls.     Another  metallic 
ball  is  supported  on- a  conducting  vertical  rod,  fixed 
to  the  lower  part  of  the  tube,  leaving  an  air  gap 
Double  ac-  between  it  and  the  lower  end  of  the  ball  connected 
euStric      wfth  the  upper  rod.     The  smaller  tube  is  open  at  the 
discharge.   ^op,  an(j  en0ugh  water  is  placed  in  the  two  vessels  to 
fill  them  to  a  level  below  the  top  of  the  lower  ball. 
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On  the  passage  of  a  disruptive  discharge  through  the 
air  between  the  two  balls  within  the  inclosed  tube, 
as  by  the  discharge  of  a  I-eyden  jar,  an  expansion 
of  the  contained  air,  caused  by  the  increase  of  tem- 
perature, forces  the  water  to  rise  in  the  open  tube, 
and,  with  very  strong  discharges,  even  to  be  violently 
expelled  from  the  top.  The  rise  of  the  water  is  also 
due  to  the  violent  motion  imparted  to  the  water  in 
the  inclosed  glass  tube ;  but  that  it  is  also  due  to  the 


Fio.  47.  KinnereJey'i  Klectrle  Thermometer.  The  distance  between  the 
electrode!  in  the  lncloecd  tube  can  be  readily  changed  by  sliding  the  upper  rod! 
toward  or  from  the  lower  fixed  ball.  Note  that  a  disruptive  discharge  has 
occurred,  lines  the  liquid  standi  at  a  higher  level  in  the  small  tube  than  It 
doe*  in  the  large  tube. 


increased  temperature  of  the  contained  air  is  shown 

by  the  fact  that  the  water  remains  at  a  higher  level 

in  the  open  tube  until  the  air  in  the  inclosed  tube  re-jj*j"Je°i 

gains  its  former  temperature.     In  order  to  increase  J"**"**: 

the  temperature  of  the  air  in  the  inclosed  tube  on°'heat. 

the  passage  of  the  discharge,  and  thus  render  the  in- 
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strument  more  sensitive,  a  thin  metallic  wire,  or  a 
narrow  strip  of  gilt  paper,  is  sometimes  placed  be- 
tween the  two  metallic  balls. 

The  quantity  of  heat  produced  by  the  above  elec- 
tric discharges  is  proportional  to  the  quantity  of  elec- 
SoSicSof  tricity  that  passes,  and  to  the  difference  of  potential 
u  through  which  it  falls.  But  the  laws  governing  the 
production  of  heat  by  electricity  will  be  better  under- 
stood when  we  have  studied  more  fully  current  elec- 
tricity as  produced  by  voltaic  batteries. 

Riess,  in  1837,  increased  the  sensitiveness  of  Kin- 
Reiu'sand  nersley's  thermometer  by  placing  a  spiral  of  fine 
modifier*    platinum  wire  between  the  two  balls,  as  well  as  by 
neniiey's     placing  the  smaller  of  the  tubes  in  a  horizontal  posi- 
mometer.    tion.     Mascart,  in  1873,  st^'  further  improved  the 
instrument  by  making  it  self-registering  or  record- 
ing.   This  he  did  by  the  use  of  a  diaphragm  of  sheet 
rubber,  moved  by  the  expansion  of  the  air.     The 
movements  of  this  diaphragm  acted  on  a  pivoted 
lever,  which,  resting  on  a  sheet  of  smoked  paper, 
left  on  it  a  tracing  or  record  of  its  movements. 

A  more  striking  manner  in  which  to  show  the  in- 
crease of  temperature  by  the  passage  of  a  disruptive 
mortar.  discharge  is  by  means  of  the  electric  mortar.  This 
simple  apparatus  consists  of  an  inclosed  space  within 
the  body  of  a  mortar,  provided  with  two  blunt  ter- 
minals, connected  with  metallic  rods  extending 
through  the  sides  of  the  mortar.  The  passage  of  the 
discharge  through  the  air  between  the  inclosed  ter- 
minals causes  its  sudden  expansion,  and  this  expels 
the  ball  from  the  mortar.  In  order  to  produce  better 
results,  a  few  drops  of  ether,  placed  in  the  mortar 
before  the  passage  of  the  discharge,  produces  an  ex- 
plosive mixture  of  ether  vapor  and  air.     This  mix- 


OTHER   EFFECTS   OF  ELECTRIC   DISCHARGES      119 

ture,  ignited  by  the  passage  of  the  spark,  violently 
projects  the  ball. 

The  ability  of  the  spark  to  ignite  ether  vapor  may 
be  shown  in  the  manner  indicated  in  Fig.  48.    HereIp,jli<xno, 
the  ether  is  placed  in  a  metallic  cup,  provided  with^™b^. 
a  ball  in  its  lower  end.     On  the  discharge  of  a  Ley-|]£££b7 
den  jar,  as  shown,  the  spark  passes  between  the,p"bt 
positive  and  negative  terminals,  and  ignites  the  ether 
vapor.     A  gas  jet  of  ordinary  illuminating  gas  may 
be  ignited  in  the  same  way.     This  method  is  em- 
ployed in  the  electric  igniting  of  gas  jets.     The  heat 


Fig.  «8,— Ether  set  on  fire  by  a  Disruptive  Discharge  from  a  Leydcn  Jar. 

of  the  electric  spark  is  also  capable  of  igniting  gun- 
powder, but  here,  in  order  to  avoid  the  scattering 
of  the  powder,  a  moistened  string  takes  the  place  of 
one  of  the  conducting  wires,  and  thus  lessens  the 
violence  of  the  discharge. 

The  discharges  from  large  Leyden-jar  batteries, 
when  passed  through  fine  metallic  wires,  are  capable  Dmae™- 
of  deflagration;  i.e.  fusing  and  volatilizing  them. mcufc 
Here  the  intensity  of  the  heat  so  produced  not  only 
fuses  the  wire,  but  raises  its  temperature  so  high 
that  the  molten  metal  is  actually  boiled  and  is  caused 
explosively  to  pass  off  into  the  air  as  metallic  vapor. 
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This  action  is  spoken  of  as  deflagration.  The  in- 
Meiting-  crease  of  temperature  for  such  an  action  is  neces- 
$3"ia™  sarily  very  marked,  since  the  temperature  of  the 
»nd  copper.  fusjon  0f  suc}j  metal  s  as  gold,  silver  and  copper  is 

quite  high,  being  20160  F.  for  gold,  18730  F-  *or 

silver,  and  19960  F.  for  copper. 

The  ability  of  a  Leyden-jar  discharge  thus  to  fuse 
metals  is  sometimes  utilized  in  the  very  beautiful  ex- 
periment shown  in  Fig.  49.     A  portrait,  in  the  pres- 


ent instance  of  Franklin,  is  cut  from  a  thick  sheet  of 
paper  by  suitable  outlining  and  perforations,  and 
placed  on  a  piece  of  white  silk.  A  sheet  of  gold  leaf 
,.  is  then  placed  on  the  paper  and  the  strips  of  tin-foil, 
A,  A',  placed  at  the  top  and  bottom  of  the  design, 
are  folded  down  over  it,  and  the  whole  placed  in  a 
press,  which  is  tightly  screwed  together.  If,  now, 
the  discharge  from  a  Leyden-jar  battery  is  passed 
through  the  package,  by  connecting  the  projecting 
sheets  of  tin-foil,  B,  B',  with  the  terminals  of  the 
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battery,  the  gold  leaf  is  volatilized  by  the  heat  of 
the  discharge,  and  a  blackish  stain  of  gold  is  left  on 
the  white  silk  in  the  form  of  the  design  traced  on  the 
paper. 

The  heating  power  of  the  disruptive  electric  dis- 
charge is  shown  by  the  fact  already  referred  to,  that 
during  the  discharge  small  particles  are  torn  from 
the  surfaces  of  the  metallic  balls  attached  to  the  con- 
ductors of  the  electric  machine,  or  from  the  metallic  ££k  often 
surfaces  between  which  the  discharge  passes.     It  isJSfwfng 
the  volatilization  of  these  metallic  particles  that  pro-  53o«.c 
duces  the  characteristic  colors  of  the  disruptive  dis- 
charge, their  glowing  vapors  emitting  different  col- 
ored lights. 

■ 

The  amount  of  metal  volatilized  increases  with  the 
intensity  of  the  discharge,  and  is,  therefore,  greater 
in  air  at  ordinary  pressures;  but,  even  in  a  partial 
vacuum,  where  the  pressure  is  considerably  reduced, 
this  volatilization  is  present,  and  may  readily  be 
detected  by  the  spectroscope. 

If  a  cool  surface,  such  as  a  glass  plate,  is  exposed 
to  the  metallic  vapors  produced  by  electric  discharges 
in  partial  vacua,  the  vapors  are  condensed,  and  the 
metal  deposited  on  the  glass  in  the  shape  of  very 
thin  metallic  films.     Wright  employed  this  method  electric* 
to  obtain  metallic  coatings.     He  produced,  in  this  obtaining 
way,  metallic  films,  the  particles  of  which  cohered,  nS?5fTcren 
or  clung  to  one  another,  as  strongly  as  though  they    m8'. 
had  been  produced  by  beating  or  rolling.     These 
films,  although  continuous,  that  is,  free  from  perfora- 
tions, were  so  thin  as  to  be  transparent  to  light. 
Wright  found  that  the  metals  differed  greatly  from 
one  another  in  their  ability  to  be  so  transferred  and 
deposited  on  cool   surfaces.     Bismuth,   gold,  and 
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Why 
vacuum- 
tube  ter- 
minals are 
made  of 
aluminium. 


platinum  were  readily  obtained  in  the  shape  of  thin 
films,  while  aluminium  and  magnesium  could  only 
be  obtained  with  great  difficulty.  It  is  for  this  rea- 
son that  in  vacuum  tubes  the  terminals  inside  the 
tubes  are  generally  formed  of  aluminium,  while  out- 
side the  tube  platinum  is  employed.  The  preference 
is  given  to  the  employment  of  platinum  in  all  cases 
where  the  wires  require  to  be  fused  or  sealed  into  the 
substance  of  the  glass  tube,  from  the  fact  that  plati- 
num expands  and  contracts  at  about  the  same  rate 
as  glass  does.  Consequently,  differences  in  its  tem- 
perature, caused  by  the  passage  of  discharges  through 


Pig.  so.— Mechanical  Effect  of  a  Disruptive  Discharge.    A  plate  of  glass 
pierced  by  the  discharge  from  a  Leyden-jar  battery. 


Use  of 
>latinum 


a  platinum  wire,  do  not  result  in  the  breaking  of  the 
piatmum  glass>  as  might  be  the  case  were  metals  employed 
m^rSS!11*"  whose  rate  of  expansion  differed  greatly  from  that 

of  the  glass. 

The  mechanical  effects  produced  by  a  disruptive 
discharge  consist  in  the  tearing,  breaking,  shatter- 
ing, or  piercing  of  the  non-conducting  substances 
through  which  the  discharge  passes.  The  passage 
of  a  disruptive  discharge  through  ordinary  air  is, 
in  fact,  accomplished  by  a  smashing  or  rupturing 
of  the  air.     This  breaking,  however,  is  not  so  ap- 
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parent  as  in  the  case  of  glass,  or  other  dielectric, 
since  the  air  tends  almost  immediately  to  flow  to- 
gether, and  thus  mend  the  broken  parts.      The  re- 
sistance of  the  dielectric  to  breaking  or  piercing 
by  the  electric  discharge  is  called  its  dielectric  re- 
sistance.    For  example,  the  dielectric  resistance  of  Dielectric 
glass  is  much  greater  than  that  of  air.     Glass,  how- rcMStance* 
ever,  may  be  broken  or  pierced  by  the  disruptive 
discharge.     When  such  discharges  are  sufficiently 
powerful,  even  thick  slabs  of  glass  may  be  pierced. 
The  manner  in  which  this  experiment  may  be  tried 
by  aid  of  the  discharge  of  a  Leyden-jar  battery  is 
shown  in  Fig.  50.     Here  the  charge  of  a  Leyden-jar 
battery  is  passed  through  a  sheet  of  glass,  v,  placed 
between  metallic  points,  shown  in  the  figure.     One 
coating  of  the  battery  is  connected  with  b,  and  the 
other  with  a.     In  order  to  concentrate  the  electric  Piercing  of 
discharge  at  the  point  to  be  pierced,  and  thus  pre-  eiectricW 
vent  it  from  spreading  over  the  surface  of  the  glass,  char*e9, 
the  metallic  points,  placed  immediately  above  and 
below  the  point  that  it  is  desired  to  pierce,  are  pre- 
viously dipped  in  some  insulating  oil.  On  the  pas- 
sage of  the  discharge,  a  small  aperture  is  made  in 
the  glass,  which  is  found,  on  examination,  to  be 
filled  with  finely  powdered  glass. 

In  case  of  the  passage  of  the  discharge  through 
such  partially  conducting  substances  as  wood  and 
paper,  in  which  a  small  quantity  of  water  is  invariably 
present,  a  rapid  formation  of  vapor  taking  place 
within  the  mass  of  the  material,  by  the  heat  of  the0™1,8*.0' 

J  explosions 

discharge,  causes  an  explosion  that  violently  tears  or  SjJjJ}^ 
rends  the  substance.     In  the  case  of  powerful  dis-^egjfc 
charges  like  lightning  flashes,  this  rending  action  is 
sufficiently  great  to  hurl  fragments  of  the  non-con- 
ducting substance  through  the  air  for  considerable 
distances.     Such  effects  have  often  been  noticed 


vapors. 
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when  lightning  flashes  strike  trees  or  other  semi- 
conducting substances.  As  we  shall  see  later  on  in 
the  book,  the  explosive  action  of  lightning  discharges 
may  be  due  to  another  cause. 

Explosions  That  the  action  above  described  is  sometimes  due 
mationoT  to  the  explosive  formation  of  vapors  in  the  sub- 
stance of  the  partial  conductor  is  shown  by  sending 
the  discharge  through  a  piece  of  ordinary  card- 
board, or  through  50  or  100  leaves  of  paper  in  a 
book.  This  may  be  done  by  arranging  the  card- 
board or  the  book  in  a  manner  similar  to  that  of  the 
glass  plate  described  in  connection  with  Fig.  50.  On 
the  passage  of  the  discharge,  a  raised  or  burred  edge 
is  found  on  both  sides  of  the  sheet  of  paper,  or  on  the 
sides  of  those  leaves  of  the  book  which  are  nearer 
respectively  to  the  positive  and  negative  terminals 
of  the  battery.  Here,  evidently,  the  heat  devel- 
oped by  the  discharge  has  suddenly  liberated  a 
mass  of  vapor  which  has  explosively  forced  its  way 
through  the  opening  in  both  directions,  that  is,  from 
some  point  near  the  middle  toward  both  the  positive 
and  negative  terminals. 

A  curious  fact  will  be  noticed  in  this  connection; 
viz.,  that  if  the  metallic  points  carrying  the  discharge 
through  the  card,  or  the  leaves  of  the  book,  are  not 
placed  directly  opposite  each  other,  the  aperture  is 
always  nearer  the  negative  terminal.  This  is,  proba- 
bly, due  to  the  fact  noticed  by  Faraday,  that  negative 
electricity  escapes  more  readily  into  the  atmosphere 
than  does  positive ;  for,  if  the  experiment  be  tried  in 
a  vacuum,  then  no  such  displacement  of  the  aperture 
is  observed. 

The  mechanical  effects,  produced  by  the  passage 
of  the  discharge  through  water,  may  be  illustrated 
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by  causing  the  discharge  of  a  Ley  den- jar  battery 
to  pass  through  a  small  quantity  of  water  placed  in 
a  tightly  corked  test-tube  or  other  tube  of  thin  glass. 
On  the  passage  of  the  spark,  an  agitation  of  the 
water,  due  to  its  sudden  expansion,  takes  place, 
sufficient  to  break  the  tube  into  many  pieces.  The 
repulsion  of  air  particles  from  charged  pointed  con- 
ductors occurring  in  convective  discharges  is  an- 
other instance  of  mechanical  effects  produced  by 
these  discharges. 

The  chemical  effects  of  the  electric  discharge  will 
be  best  studied  in  detail  under  the  head  of  current £!<£*$ 
electricity.  A  few  of  the  more  important  of  theSiSSJges. 
chemical  effects  produced  by  disruptive  discharges 
will,  however,  be  mentioned  here.  It  must  not  be 
supposed  that  this  is  because  electricity  produced  by 
different  electric  sources  produces  different  chemical 
effects ;  for,  as  Faraday  has  demonstrated,  no  matter 
from  what  source  an  electric  current  or  discharge  is 
produced,  its  chemical  effects  are  one  and  the  same. 

Priestley  has  shown  that  the  passage  of  a  number 
of  electric  discharges  through  water,  colored  withPne8tIey* 
litmus,  a  blue  vegetable  material,  results  in  the  pro- 
duction of  a  substance  that  turns  the  color  of  the  blue  SUSf111** 
litmus  to  red,  thus  indicating  the  formation  of  anwlt«pn>- 
acid  substance.     The  addition  of  a  few  drops  of  acid  aSdesub- 
to  blue  litmus  water  instantly  turns  it  red;  on  the8tance' 
contrary,  the  presence  of  a  basic  or  alkaline  sub- 
stance, such  as  a  drop  of  ammonia  or  washing  soda, 
will  instantly  restore  the  blue  color  to  reddened  lit- 
mus water.     The  acid  substance  formed  by  the  pas- 
sage of  the  disruptive  discharge  through  water  inSSK^d 
the  above  experiment  is  nitric  acid.     Ordinary  water 
always  contains  a  quantity  of  oxygen  and  nitrogen, 
which  it  absorbs  from  the  air  that  comes  in  contact 
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with  it.  The  discharge,  by  its  chemical  action,  has 
caused  this  nitrogen  and  oxygen  to  combine  and 
form  nitric  acid,  and  this  substance  instantly  red- 
dens the  blue  litmus. 

One  can  not  fail  to  notice  the  peculiar  odor  that 
exists  in  the  neighborhood  of  a  powerful  electric  ma- 

ofr^M°by  chine  after  it  has  been  in  operation  for  some  time. 

dteSSges.  This  odor  is  due  to  the  formation  of  a  peculiar  modi- 
fication of  oxygen  called  ozone.  Ozone  possesses 
very  energetic  powers  of  oxidizing  substances,  that 
is,  of  causing  them  to  enter  into  combination  with 
oxygen.     It  is  also  capable  of  acting  as  a  powerful 


Fig.  St.— Faraday's  apparatus  for  producing  chemical  decompositions  by 

means  of  disruptive  discharges 

germicide  or  a  material  capable  of  killing  the  organic 
germs  that  we  now  know  are  the  causes  of  many 
contagious  diseases. 

Fig.  51  shows  an  apparatus  devised  by  Faraday 
for  readily  decomposing  chemical  substances  by  the 
Tpp»atus   passage  of  disruptive  electric  discharges.     A  glass 
iSg8thUedy"   plate  has  two  pieces  of  tin-foil  placed,  as  shown,  near 
effeS^ of    two  of  its  opposite  edges.     Two  bent  platinum  wires, 
dislwges.  a  and  b,  are  so  placed  on  the  tin-foil  that  their  ex- 
tremities, p  and  n,  touch  a  small  piece  of  blotting 
paper  moistened  with  the  substance  which  is  to  be 
decomposed  by  the  electric  discharge.     The  wire  c, 
connected  with  the  positive  conductor  of  an  electric 
machine,  is  in  connection  with  a  by  means  of  the 
tin-foil ;  a  long  wire,  g,  connected  with  the  negative 
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conductor,  or  with  a  discharging  wire,  is  similarly 
in  connection  with-  «.  By  these  means  p  and  n 
become  the  positive  and  negative  terminals,  or  the 
decomposing  poles.  If  now,  under  these  circum- 
stances, a  series  of  discharges  is  sent  through  the 
paper,  decomposition  occurs.  If  the  substance 
placed  on  the  paper,  in  this  case  a  piece  of  paper 
moistened  with  litmus  solution,  be  sulphate  of  soda, 
then  the  decomposition  of  the  salt  is  shown  by  the 
reddening  of  the  paper  at  p,  the  positive  terminal, 
thus  indicating  the  liberation  of  an  acid  material  at 
this  point. 

The  direct  discharge  passing  through  various  gas- 
eous substances,  such  as  ammonia  gas,  causes  their 


&et~ 


Kic.  sj.— Electric  Pinal. 

chemical  decomposition.     Such  discharges  also  pos- 
sess the  power  of  causing  substances  to  enter  into 
chemical  combination.     Thus,   a  discharge  passed  combina- 
through  a  mixture  of  ordinary  illuminating  gas  and«ui«j  by 
air  will  produce  an  explosive  combination  of  some  of  a  ' 
the  constituents  of  the  mixture.     This  may  be  shown 
experimentally  by  placing  a  mixture  of  illuminating 
gas  and  from  six  to  eight  times  its  volume  of  air  in 
a  tightly  corked  tin  vessel,  as  shown  in  Fig.  52.    In 
order  to  ensure  the  passage  of  the  spark  through  the 
mixed  gases  within  the  vessel,  an  insulated  conduc- 
tor passes  through  one  wall  of  the  pistol  and  termi- 


128  ELECTRICITY  IN  EVERY-DAY  LIFE 

nates  with  a  smooth,  metallic  ball  B  near  the  oppo- 
site wall,  as  shown  on  the  left  hand  of  the  figure. 

Disruptive  discharges,  like  all  electric  discharges, 
Mastic    are  invariably  attended  by  magnetic  effects.     This 
eStricof    will  be  better  understood  after  we  have  studied  the 
discharges,  phenomena  of  magnetism.     A  few  cases,  however, 
of  the  production  of  magnetism  by  disruptive  dis- 
charges may  be  cited  here.     If  the  discharge  of  a 
Leyden-jar  battery  be  caused  to  pass  through  an 
unmagnetized  steel  needle,  it  will  produce  in  it  a  per- 
Revcrsai  of  manent  magnetization.     In  a  similar  manner,  power- 
S^p^s8"1  ful  Leyden-jar   discharges  will   reverse  the  mag- 
bJTiEST"  netism  of  compass  needles,  either  when  they  pass 
stroW      through  the  needles,  or  in  their  immediate  neigh- 
borhood.    It  has  often  been  noticed  that  lightning 
discharges  have,  in  this  manner,  reversed  the  po- 
larity of  a  ship's  compasses. 

The  physiological  effects  of  disruptive  discharges 
have  attracted  the  attention  of  scientific  men  ever 
since  Von  Kleist,  Cuneus,  and  Muschenbroeck  re- 
ceived, so  unexpectedly,  the  discharge  from  their  lit- 
tle Ley  den  jars.  The  strange  and  mysterious  nature 
logical  of  this  new  agent,  the  violent,  involuntary  muscular 
caused  by   contractions  which  it  caused,  possessed  a  fascina- 

Leyden-jar  . 

discharges,  tion  for  these  early  experimenters,  and  many  trials 
were  made  of  this  peculiar  power  of  the  discharge; 
for  example,  Nollet  sent  the  discharge  through  a 
long  chain,  formed  by  more  than  600  people  grasp- 
ing each  other  by  the  hands.  He  found  that  those 
in  the  middle  of  the  chain  were  as  violently  affected 
by  the  discharge  as  those  near  its  two  extremities, 
and  therefore  closer  to  the  metallic  coatings  of  the 
jar. 

Von  Marum  killed  eels  by  the  passage  through 
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their  bodies  of  a  moderately  strong  charge.  All 
animals  can  be  killed  by  the  passage  of  sufficiently  JJ^  by 
powerful  discharges.  In  case  of  very  powerful  dis-SiSSrges. 
charges  death  appears  to  be  so  instantaneous  that 
the  animal  still  retains  the  position  it  had  just  before 
the  discharge.  This  fact  is  frequently  noticed  in 
cases  of  people  struck  dead  by  lightning  flashes. 

Electric  discharges  or  currents  are  capable  of  pro- 
ducing healing  or  therapeutic  effects  on  the  human 
body.     Electricity  is  unquestionably  a  powerful  re-  th«a£utic 
medial  agent,  but,  like  all  powerful  agencies,  should  eSSSc* 
be  intelligently  applied  to  the  human  body,  other- dl8ChargC8, 
wise  it  may  cause  serious  damage  to  the  health. 
The  manner  of  its  application  as  a  therapeutic  agent, 
the  laws  according  to  which  it  operates,  and  other 
details  of  such  applications,  will  be  discussed  under 
the  head  of  electro-therapeutics. 

The  effects  of  electric  discharges  are  not,  how- 
ever, limited  to  the  bodies  of  animals.     They  also  influence  of 
affect  plant  life.     Electric  discharges  produce,  it  is  discharges 
claimed,  marked  influence  on  the  growth  of  vege-  Sue  lie. 
tation.     As  early  as  1703,  Bertholon  wrote  a  book 
that  was  devoted  entirely  to  the  influence  of  elec- 
tricity on  vegetable  life.     Since  his  time  efforts  have 
been  made  to  accelerate  vegetable  growth  by  draw- 
ing atmospheric  electricity  from  the  air  into  the 
ground.     Very  considerable  attention  has  been  paid 
to  these  efforts,  so  that  electro-culture  may  be  re-enitur* 
garded  as  a  new  art.     Much  remains,  however,  to 
be  learned  concerning  this  art. 


Vol.  l— » 
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CHAPTER  VIII 

FRANKLIN  AND  THE  ELECTRIC  KITE — ATMOSPHERIC 

ELECTRICITY 

"Let  the  experiment  be  made.11 
—Benjamin  Franklin  :  Letter \  March  i8f  1755 

T  was  not  until  shortly  after  the  middle  of  the 
eighteenth  century  that  the  world  was  able  to 
obtain  indisputable  proof  that  thunder  and 
Early  si*  lightning  are  effects  produced  by  powerful  electric 
fightafn?  discharges,  taking  place  either  between  neighboring 
5tf  £SJ  clouds,  or  between  a  cloud  and  some  tall  object  on 
phSom-  the  earth.  It  is  true  that,  long  before  this  time, 
cna#  philosophers  had  suspected  such  a  relationship.  Even 

before  their  electrical  machines  were  capable  of 
producing  fairly  powerful  discharges,  the  similarity 
in  the  luminous  appearances,  caused  by  such  dis- 
charges, and  the  crackling  noises  attending  them, 
led  to  the  beginnings  of  a  belief  that  these  phenom- 
ena were  similar  to  those  produced  by  lightning  and 
thunder.  As  electrical  machines  were  improved, 
and  more  and  more  powerful  discharges  were  ob- 
suspicions  tained  from  them,  this  belief  grew  stronger  and 
fatoWb?fiefs.  stronger,  until  at  last,  several  years  before  Franklin 
immortalized  himself  by  robbing  Jove  of  his  thun- 
der bolts,  the  belief  had  reached  such  a  stage  that, 
at  least  in  Franklin's  mind,  it  practically  amounted 
to  a  certainty.  Before  describing  in  detail  Frank- 
lin's experiment,  we  will  briefly  note  some  of  the 
more  important  of  these  early  suggestions  and  pre- 
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tfictions,  as  to  the  identity  of  these  two  classes  of 
phenomena. 

In  1705,  Hawkesbee,  by  means  of  an  interesting 
series  of  experiments,  discovered  that  luminous  ef- 
fects are  produced  when  mercury  is  allowed  to  fall 
from  the  top  to  the  bottom  of  a  glass  tube,  in  which 
a  partial  vacuum  is  maintained.     He  also  produced  £??*rx- 
similar  luminous  effects  by  causing  air  to  pass  rap-  SSlSmfi- 
idly  through  mercury  contained  in  a  glass  vessel,  inV^SmSj 
which  also  a  partial  vacuum  was  maintained.     inTube8-" 
one  of  these  experiments,  by  causing  the  mercury  to 
fall  in  a  shower  against  the  rounded  top  of  a  second 
glass  vessel,  he  obtained  luminous  effects  which,  he 
said,  "produced  flashes  resembling  lightning."    At 
a  later  date,  we  find  Hawkesbee  noting  the  luminous 
effects  produced  by  the  friction  of  a  woollen  cloth 
against  a  glass  tube.     In  speaking  of  these  effects, 
he  said  that  he  "observed  light  to  break  from  the 
agitated  glass  in  as  strange  a  form  as  lightning/' 
We  know  now  that  the  luminous  effects  produced 
in  the  case  of  the  mercury  experiments  were  due 
to  electric  discharges,  produced  by  the  friction  of 
air   against  the  mercury   and   the  glass,  passing 
through  the  partial  vacuum  of  the  vessel.     But  bee's  ipor- 
Hawkesbee  does  not  appear  to  have  known  that  ft  electric 
was  electric  phenomena  he  was  dealing  with,  and,  merew 
although  in  the  case  of  the  piece  of  rubbed  glass 
he  must  have  known  that  electrical  effects  were  pro- 
duced, yet  in  neither  of  these  classes  of  phenomena 
does  he  appear  to  have  ascribed  the  flashes  of  light, 
as  we  now  would,  to  the  passage  of  electric  dis- 
charges. 

In  1705,  Gray  called  attention,  in  the  "Philo-Gray. 
sophical  Transactions/'  to  the  resemblances  that  ex- 
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ist  between  the  effects  of  electric  discharges  and 
lightning  and  thunder. 

In  1708,  Wall  thus  called  attention,  in  the  "Philo- 
WaU-  sophical  Transactions/'  to  the  resemblance  between 
the  crackling  and  flash  produced  by  rubbed  amber 
and  thunder  and  lightning :  "This  light  and  crack- 
ling seem  in  some  degree  to  represent  thunder  and 
lightning." 

Abbe  Nollet,  in  the  fourth  volume  of  his  "Lessons 
Abbe        in  Physics,"  published  near  the  close  of  1748,  ex- 
oneiectric  presses  himself  in  the  following  language: 
inflight?*      "If  any  one  should  undertake  to  prove,  as  a  clear 
SiSSdS?     consequence  of  the  phenomenon,  that  thunder  is  in 
the  hands  of  nature  what  Electricity  is  in  ours — that 
those  wonders  which  we  dispose  at  our  pleasure  are 
only  imitations  on  a  small  scale  of  those  grand  ef- 
fects which  terrify  us,  and  that  both  depend  on  the 
same  mechanical  agents,  if  it  were  made  manifest 
that  a  cloud  prepared  by  the  effects  of  the  wind,  by 
heat,  by  a  mixture  of  exhalations,  etc.,  is  in  relation 
to  a  terrestrial  object  what  an  electrified  body  is  in 
relation  to  a  body  near  it  not  electrified,  I  confess 
that  this  idea,  well  supported,   would  please  me 
Noiiet  on    much ;  and  to  support  it  how  numerous  and  specious 
biLrc«m"  are  the  reasons  which  present  themselves  to  a  mind 
eiearicai    conversant  with  Electricity.      The  universality  of 

discnarcres 

and  Hgfit-  the  electric  matter,  the  readiness  of  its  actions,  its 
instrumentality  and  its  activity  in  giving  fire  to  other 
bodies,  its  property  of  striking  bodies  externally  and 
internally,  even  to  their  smallest  parts  (the  remark- 
able example  we  have  of  this  effect  even  in  the  Ley- 
den-jar  experiment,  the  idea  which  we  might  truly 
adopt  in  supposing  a  greater  degree  of  electric  pow- 
er) ,  all  these  points  of  analogy  which  I  have  been  for 
some  time  meditating,  begin  to  make  me  believe  that 


mng. 
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one  might9  by  taking  Electricity  for  the  model,  form 
to  one's  self  in  regard  to  thunder  and  lightning  more 
perfect  and  more  probable  ideas  than  hitherto  pro- 
posed/' 

After  the  discovery  of  the  Leyden  jar,  and  the 
phenomena  attending  the  discharge  of  an  electrified 
body  by  points,  the  connection  between  some  lumi- 
nous phenomena  of  the  atmosphere,  other  than  light- 
ning flashes,   became  probable  to   scientific  men. 
Among  such  phenomena  may  be  mentioned  the  faint 
tongues  of  fire,  already  referred  to  as  being  often 
seen  on  the  masts  of  ships,  steeples,  or  other  tall 
bodies.     These  appearances  are  due  to  electric  dis- 
charges known  as  brush  discharges.     As  we  shall  watson  on 
afterward  see,  brush  discharges  are  the  same  asfunSnous 
convective  discharges.     Such  discharges,  as  already  JjJX. 
pointed  out,  are  due  to  the  electrically  charged  par-  mo8phcre# 
tides  of  air  that  are  driven  by  repulsion  from  any 
sharp  points  connected  with  electrically  charged  sur- 
faces.    In  the  forty-eighth  volume  of  the  "Philo- 
sophical Transactions,"  Watson  calls  attention  to 
the  fact  that  certain  appearances  referred  to  by  Pliny,  piiny. 
in  his  "Natural  History,"  as  occurring  on  the  yards 
of  the  Roman  ships,  or  on  the  ends  of  the  soldiers' 
spears  in  the  Roman  camp,  were  evidently  due  to 
the  existence  of  electricity  in  the  atmosphere. 

The  preceding  references  will  show  that  both  sus- 
picions, and  almost  beliefs,  existed  in  the  minds  of 
scientific  men,  as  to  the  identity  of  electric  dis- 
charges and  lightning  flashes,  before  the  time  of 
Franklin.  Still  it  remained  for  Franklin,  by  actual 
demonstration,  to  place  the  identity  of  these  two 
classes  of  phenomena  beyond  the  possibility  of  doubt 

Before  proceeding  to  describe  in  detail  Franklin's 
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PnuSfijn't f  *amous  experiment  with  the  kite,  it  will  be  interest- 
u<nutMof  lv^  to  s^ow  h°w  strong  Franklin's  belief  was  as  to 
JjjgjJJJkJLi  *^c  ^entity  °*  lightning  and  thunder  and  the  dis- 
Sten^e*.  c^arSe  an^  report  of  an  electrified  conductor. 


Franklin's 


There  exists  among  Franklin's  writings  a  scien- 
tific paper  in  the  form  of  a  letter  to  a  Mr.  Collinson. 
£unde?-n  This  paper  is  entitled  "Observations  and  Supposi- 
«U8t8-  tions  toward  forming  a  new  Hypothesis,  for  explain- 
ing the  several  Phenomena  of  Thunder  Gusts."  Un- 
fortunately, this  paper  bears  no  date,  but,  since 
Franklin  refers  to  it  in  a  subsequent  letter  to  Mr. 
Collinson,  dated  1753,  as  his  former  paper  written 
in  1747,  and  enlarged  and  sent  to  England  in  1749, 
we  are  justified  in  placing  its  date  at  some  time  dur- 
ing, or  prior  to,  1749.  This  paper,  or  letter,  is  to 
be  found  in  almost  any  complete  work  on  Franklin's 
life,  and  will  well  repay  a  careful  perusal.  Consid- 
ering its  probable  early  date,  it  contains  remarkably 
precise  statements  concerning  the  subject  of  which 
it  treats. 

But  apart  from  the  Collinson  paper,  Franklin  him- 

Extracts     self  fixes  a  date,  viz.  November  7,  1749,  at  which 

FnSkiin's  he  recorded  in  a  note-book  the  reasons  he  had  for 

Nawnber  being  convinced  of  the  identity  between  electric  dis- 

7' ,749,       charges  and  lightning  flashes.     This  we  take  from 

one  of  Franklin's  books  entitled  "Experiments  and 

Observations  on  Electricity,  made  at  Philadelphia, 

in  America."  On  page  322  of  this  book,  in  a  letter 

to  Dr.   L.,   of  Charleston,   South  Carolina,  dated 

March  18,  1755,  he  says : 

"Your  question,  how  I  came  first  to  think  of  pro- 

Fnnkiin    posing  the  experiment  of  drawing  down  the  light- 

uteexperZ  ning,  in  order  to  ascertain  its  sameness  with  the 

electric  fluid,  I  can  not  answer  better  than  by  giving 

you  an  extract  from  the  minutes'  I  used  to  keep  of 


FRANKLIN  AND   ATMOSPHERIC   ELECTRICITY      185 

the  experiments  I  made,  with  memorandums  of  such 
as  I  purposed  to  make,  the  reasons  for  making  them, 
and  the  observations  that  arose  upon  them,  from 
which  minutes  my  letters  were  afterward  drawn.  By 
this  extract  you  will  see  that  it  might  have  occurred 
to  any  electrician. 

"  'November  7,  1749.  Electrical  fluid  agrees  with 
lightning  in  these  particulars:    1.  Giving  light.     2.  Franklin  on 
Color  of  the  light.    3.  Crooked  direction.     4.  Swift  wSn^s 
motion.     5.  Being  conducted  by  metals.     6.  Crack  SSriSty 
or  Noise  in  exploding.     7.  Subsisting  in  water  orlS?**111" 
ice.     8.  Rending  bodies  it  passes  through.     9.  De- 
stroying animals.      10.   Melting  metals.     11.   Fir- 
ing inflammable  substances.    12.  Sulphureous  smell. 
The  electric  fluid  is  attracted  by  points.     We  do  not 
know  whether  this  property  is  in  lightning.     But 
since  they  agree  in  all  the  particulars  wherein  we 
can  already  compare  them,  is  it  not  probable  they 
agree  likewise  in  this?     Let  the  experiment  be 
made.' " 

Franklin  conceived  two  plans  for  making  the  ex- 
periment above  referred  to.  One  was  to  place  a 
pointed  insulated  conductor  on  the  outside  of  a  plans  for 

•  «  ...  .  .,  drawing 

church  spire,  permitting  it  to  project  above  the  top  electricity 
of  the  spire.  By  this  means  he  hoped,  during  the  clouds, 
progress  of  a  thunderstorm,  to  be  able  to  draw  elec- 
trical discharges  from  its  lower  end.  Unfortunately 
for  Franklin,  there  were  no  church  spires  in  the  city 
of  Philadelphia  at  that  time,  by  means  of  which  he 
could  readily  try  his  experiment,  therefore,  after 
waiting  for  such  to  be  erected,  he  conceived  the  sec- 
ond plan;  viz.,  of  actually  making  his  experiment 
in  the  very  heart  of  the  clouds  by  means  of  a  kite. 

This  never-to-be-forgotten  kite  was  a  common,  Franklin,e 
everyday  boy's  kite,  consisting  of  two  light  wooden kite- 
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arms,  covered,  however,  in  this  case,  with  silk  in- 
stead of  paper,  so  as  to  permit  it  to  be  employed  in 
wet  weather.  The  kite  was  raised  by  means  of  an 
ordinary  hempen  string,  insulated  at  the  end  by  a 
silk  ribbon.  The  hempen  string  had  a  key  connected 
to  its  lower  end,  near  the  ribbon.  The  key  was  pro- 
vided to  serve  the  purposes  of  a  conductor.  At  the 
top  of  the  upright  wooden  arm  of  the  kite  he  placed 
an  iron  point,  for  the  purpose  of  drawing  the  electric 
charge  from  the  cloud,  if,  as  he  firmly  believed,  it 
was  present  during  a  thunderstorm. 

Thus  provided,  Franklin,  accompanied  by  his 
son,  in  order  that  the  unusual  sight  of  a  grave  phi- 
losopher kite-flying  might  not  excite  too  marked 
public  attention,  proceeded  to  a  Philadelphia  com- 
mon, situated,  as  nearly  as  we  can  learn,  somewhere 
near  Spring  Garden  Street,  between  18th  and  20th. 
Theimmor-  He  succeeded  in  raising  the  kite  during  the  approach 
Fr£?ki?n.°  of  a  thunderstorm,  and,  after  repeated  trials,  at  last 
had  the  great  satisfaction  of  being  able  to  draw 
from  the  key  sparks  possessing  all  the  properties  of 
those  produced  by  the  electrical  machine  with  which 
he  was  so  familiar.  In  this  way  was  realized  one  of 
the  grandest  discoveries  in  the  domain  of  electric 
science,  and  the  actual  identity  between  the  lightning 
flash  and  electric  discharges  was  thus  demonstrated 
beyond  any  possible  doubt. 

We  annex  the  following  description  of  this  origi- 
nal experiment,  prepared  shortly  after  Franklin's 
experiment. 

"Furnished  with  this  apparatus,  on  the  appproach 
contem-  of  a  storm,  he  went  out  upon  the  commons  near 
toSZo?5"  Philadelphia,  accompanied  by  his  son,  to  whom  alone 
Franklm\  he  communicated  his  intentions,  well  knowing  the 
ridicule  which  would  have  attended  the  report  of 
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such  an  attempt  should  it  prove  to  be  unsuccessful. 
Having  raised  the  kite,  he  placed  himself  under  a 
shed,  that  the  ribbon  by  which  it  was  held  might  be 
kept  dry,  as  it  would  become  a  conductor  of  electric- 
ity when  wetted  by  rain,  and  so  fail  to  afford  that 
protection  for  which  it  was  provided.  A  cloud,  ap- 
parently charged  with  thunder,  soon  passed  directly 
over  the  kite.  He  observed  the  hempen  cord ;  but  no 
bristling  of  its  fibre?  was  apparent,  such  as  was  wont 
to  take  place  when  it  was  electrified.  He  presented 
his  knuckle  to  the  key,  but  not  the  smallest  spark 
was  perceptible.  The  agony  of  his  expectation  and 
suspense  can  be  adequately  felt  by  those  only  who  m5ment.ical 
have  entered  into  the  spirit  of  such  experimental 
researches.  After  the  lapse  of  some  time  he  saw 
that  the  fibres  of  the  cord  near  the  key  bristled,  and 
stood  on  end.  He  presented  his  knuckle  to  the  key 
and  received  a  strong,  bright  spark.  It  was  light- fuSBSSSg 
ning.  The  discovery  was  complete,  and  Franklin6 
felt  that  he  was  immortal.,, 

It  will  be  interesting  to  read  the  following  account 
which  Franklin  himself  gives  of  the  construction  of 
his  now  famous  kite,  and  of  its  action  during  themSUtS^ 
presence  of  a  thundercloud.  This  description  is  wTEte!1  of 
taken  from  a  letter  dated  October  19,  1752.  Note 
particularly  the  extremely  modest  manner  in  which 
Franklin  refers  to  this  great  experiment.  We  find 
here  not  the  laudatory  remarks  of  an  investigator 
too  egotistically  alive  both  to  his  own  greatness,  and 
to  the  value  of  his  discovery,  but  the  clear  explana- 
tions of  a  man  of  science,  as  to  the  precise  method  in 
which  he  proceeded  to  obtain  the  results. 

"As  frequent  mention  'is  made  in  public  papers 
from  Europe  of  the  success  of  the  Philadelphia  ex- 
periment for  drawing  the  electric  fire  from  clouds 
by  means  of  pointed  rods  of  iron  erected  on  high 
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buildings,  etc.,  it  may  be  agreeable  to  the  curious  to 
be  informed  that  the  same  experiment  has  succeeded 
in  Philadelphia,  though  made  in  a  different  and  more 
easy  manner,  which  is  as  follows : 

"Make  a  small  cross  of  two  light  strips  of  cedar, 
the  arms  so  long  as  to  reach  to  the  four  corners  of 
pSaSE'"1*  larg^j  thin  silk  handkerchief  when  extended;  tie 
made  it.  ^  corners  0f  {j^  handkerchief  to  the  extremities  of  * 
the  cross,  so  you  have  the  body  of  a  kite ;  which  be- 
ing  properly  accommodated  with  a  tail,  loop,  and 
string,  will  rise  in  the  air,  like  those  made  of  paper; 
but  this  being  of  silk,  is  fitter  to  bear  the  wet  and 
wind  of  a  thunder-gust  without  tearing.  To  the 
top  of  the  upright  stick  of  the  cross  is  to  be  fixed  a 
very  sharp  pointed  wire,  rising  a  foot  or  more  above 
the  wood.  To  the  end  of  the  twine,  next  the  hand, 
is  to  be  tied  a  silk  ribbon,  and  where  the  silk  and 
twine  join  a  key  may  be  fastened.  This  kite  is  to 
be  raised  when  a  thunder-gust  appears  to  be  coming 
on,  and  the  person  who  holds  the  string  must  stand 
within  a  door  or  window,  or  under  some  cover,  so 
that  the  silk  ribbon  may  not  be  wet ;  and  care  must 
be  taken  that  the  twine  does  not  touch  the  frame  of 
the  door  or  window.  As  soon  as  any  of  the  thunder 
kite  clouds  come  over  the  kite,  the  pointed  wire  will  draw 

opera    .    ^e  electric  fire  from  them,  and  the  kite,  with  all  the 
twine,  will  be  electrified,  and  the  loose  filaments  of 
the  twine  will  stand  out  in  every  way,  and  be  at- 
tracted by  an  approaching  finger.     And  when  the 
rain  has  wet  the  kite  and  twine  so  that  it  can  con- 
duct the  electric  fire  freely,  you  will  find  it  stream 
out  plentifully  from  the  key  on  the  approach  of  your 
sample  of  knuckle.     At  this  key  the  phial  may  be  charged; 
lested'and  an<^  *rom  dectric  fire  thus  obtained,  spirits  may  be 
SelS^w  kindled,  and  all  the  other  electric  experiments  be 
Sertrtefty.  performed,  which  are  usually  done  by  the  hdp  of  a 
rubbed  glass  globe  or  tube,  and  thereby  the  sameness 
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of  the  electric  matter  with  that  of  lightning  com- 
pletely demonstrated." 

Franklin's  great  discovery  naturally  created  an 
intense  excitement  in  scientific  circles  in  all  parts  of 
the  world.  Other  investigators  did  not  hesitate  in 
repeating  them.  We  will  only  give  an  account  of 
two  of  the  most  interesting  of  these. 

On  the  7th  of  June,  1753,  a  French  philosopher, 
Romas,  repeated  Franklin's  experiment.  He  em-Eiectric 
ployed  a  kite  Similar  to  that  constructed  by  Frank-  £*£*. 
lin,  only,  in  order  to  render  the  hempen  cord  more 
conducting,  he  employed  a  wire  interwoven  between 
the  strands  of  the  cord.  This  kite  was  7J4  feet  high, 
and  3  feet  wide,  so  that  it  had  some  18  square  feet  of 
surface. 

The  following  results  were  obtained  by  Romas  by 
the  aid  of  this  kite.     When  he  succeeded  in  raising  Results  ob- 
it some  550  feet  above  the  ground,  he  drew  sparks  mJSSs  p 
from  a  tin  tube,  connected  to  the  string  of  the  kite  id?™8'8 
and  employed  as  a  conductor,  three  inches  long  and 
a  quarter  of  an  inch  thick,  the  snapping  of  which,  he 
says,  could  be  heard  at  a  distance  of  about  200 
paces. 

On  one  occasion,  while  making  these  experiments, 
Romas  felt  a  sensation  as  though  cobwebs  were  be-  The  cob- 
ing  drawn  over  his  face,  although  he  was  then  at  a  ££.  'warn' 
distance  of  some  three  feet  from  the  kite.     Know- 
ing what  this  meant,  he  called  aloud  to  the  company  p^^km. 
with  him  to  retire  from  the  immediate  neighborhood 
of  the  string.     At  this  time  he  could  not  perceive 
any  lightning  in  the  clouds  that  were  immediately 
over  the  kite,  but,  on  examining  the  tin  conductor, 
he  noticed  that  three  straws,  which  he  had  attached 
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to  the  tube  for  the  purpose  of  serving  as  electro- 
Spertment  scopes,  were  standing  erect,  thus  manifesting  the 
SwuSJ8  presence  of  an  extremely  strong  charge  on  the  con- 
kitc<  ductor.     This  continued  for  about  a  quarter  of  an 

hour,  when  the  rain  beginning  to  fall,  he  again  per- 
ceived the  sensation  of  cobwebs  on  his  face,  and 
heard  a  rustling  noise  like  that  of  a  small  forge  bel- 
lows. He  now  withdrew  still  further  from  the  con- 
ductor, and  almost  immediately  afterward  saw  three 
brilliant  flashes  of  light  near  one  of  the  straws,  ac- 
companied by  three  loud  explosions,  the  noise  of 
which  greatly  resembled  that  of  thunder. 

The  flashes  above  referred  to  were  accompanied 

by  an  odor  which  these  early  observers  declared  tx> 

oxone  pro-  be  the  smell  of  sulphur,  but  which  we  now  know  to 

tfcedectric  be  due  to  the  presence  of  ozone,  a  modification  of 

discharge.   ^e  OXygen  0f  the  ajr>  caused  by  the  presence  of 

electric  discharges.  Subsequent  examination  of  the 
ground  below  the  tin  tube  or  conductor  showed  the 
presence  of  a  hole  an  inch  deep  and  half  an  inch  wide, 
probably  made  by  the  loud  flash  preceding  the  ex- 
plosion. 

The  other  investigator  in  this  dangerous  domain 

Rkhian.    °*  experimental   science  was  Professor   Richman, 

who  was  struck  dead  on  the  6th  of  August,  1753, 

by  a  lightning  flash  which  he  drew  down  from  the 

sky  into  his  laboratory. 

Richman  had  erected  an  insulated  vertical  iron  rod 
on  the  roof  of  his  laboratory.  This  rod  communi- 
toiwSS?  rated  by  a  metallic  chain,  also  insulated,  with  a  metal 
apparatus.  rod  fixed  to  the  ceiling  of  the  laboratory.  The  rod 
projected  downward  some  little  distance  from  the 
ceiling,  and  was  terminated  by  a  metallic  ball  He 
had  arranged,  in  connection  with  this  hall,  a  form  &i 
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-efectronieter  of  bfs  own  construction,  consisting  of  a 
flireafl  fastened  to  its  lower  extremity.  The  ihread 
htmg  down  by  the  side  of  the  rod  when  it  was  un- 
charged, but  when  charged  or  electrified,  was  im- 
pelled in  a  manner  similar  to  the  pith  ball  electro- 
scope already  described. 

At  the  approach  of  a  thunderstorm,  while  observ- 
ing the  effects  of  the  ^electricity  of  the  clouds  on  the 
vertical  thread  of  the  electrometer,  he  leaned  his  head  R?dJws 
toward  it,  and  while  doing  so,  a  gentleman,  who  was  dcatlL 
in  the  laboratory  at  this  time,  observed  a  globe  of 
blue  fire,  as  large  as  a  man's  fist,  to  jump  from  the 
rod  of  the  electrometer  toward  Richman's  head, 
which  was  at  thi6  moment  about  one  foot  distant 
from  the  rod.  This  flash  instantly  killed  Richman, 
and  so  stunned  the  gentleman  with  him,  that  the  lat- 
ter could  afterward  give  no  account  of  the  particu- 
lar manner  in  which  he  had  been  affected  by  the 
stroke.  He  could  only  say  that,  at  the  moment  the 
professor  was  killed,  there  arose,  he  thought,  a  sort 
of  steam  or  vapor  which  benumbed  him,  and  made 
"him  sink  upon  the  ground,  and  that  he  could  not  re- 
member even  that  he  heard  the  clap  of  thunder, 
which  was  very  loud. 

Like  all  lightning  strokes,  the  one  which  killed 
Richman  did  considerable  damage  to  surrounding 
objects.  Half  of  the  glass  vessel  employed  to  ^"SSrtTS8111 
sulate  the  rod  of  the  electrometer  was  broken  and  <H«bar*e. 
thrown  in  all  directions  about  the  room.  The  cas- 
ing of  the  door  of  the  laboratory  was  split  half 
through,  and  the  door  torn  off  and  thrown  into  the 
room. 

Richman  was  apparently  killed  instantly  by  the  Marking* 
effect  of  the  lighting  stroke.    A  red  spot WSST 
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expert 
ments. 


formed  on  his  forehead,  the  shoe  belonging  to  his 
left  foot  was  burst,  and,  on  uncovering  the  foot  at 
that  place,  a  blue  mark  was  found,  evidently  show- 
ing that  the  discharge  had  entered  at  the  head,  and 
made  its  way  out  at  one  of  the  feet. 

While  Franklin  was  waiting  in  Philadelphia  for 
Daiibwd'8  the  erection  of  a  church  steeple,  on  which  he  might 
place  his  conductor,  he  wrote  to  a  Frenchman  named 
Dalibard,  suggesting  the  trial  of  an  insulated  and 
pointed  metallic  rod,  extending  upward  into  the  at- 
mosphere. At  this  suggestion,  Dalibard  erected  an 
iron  rod,  forty  feet  high,  and  succeeded,  on  the  ioth 
of  May,  1752,  in  drawing  electric  sparks  from  its 
lower  extremity.  He  thus  anticipated  Franklin  by 
a  few  weeks,  Franklin's  successful  experiment  being 
made  in  June,  of  the  same  year.  Dalibard's  experi- 
ment, however,  was  made  at  the  suggestion  of 
Franklin.  To  Franklin,  therefore,  and  not  to  Dali- 
bard, is  properly  given  the  credit  for  this  grand 
discovery. 


Atmos- 
pheric 
electricity 
present 
both  in 
clear  and 
cloudy 
weather. 


It  was  noticed  by  the  early  investigators  in  this 
field  of  research,  that  electric  sparks  could  be  drawn 
from  the  lower  ends  of  the  pointed  conductors 
erected  so  as  to  extend  upward  into  the  air  above  the 
tops  of  tall  buildings  or  trees,  even  when  no  light- 
ning flashes  were  visible,  and,  indeed,  even  when 
there  were  no  clouds  in  the  sky.  They  thus  be- 
came aware  of  the  fact  that  there  exists  some  free 
electricity  in  the  atmosphere  at  all  times.  Electric- 
ity, therefore,  may  exist  in  the  atmosphere,  both 
when  the  weather  is  cloudy  and  when  it  is  clear. 

Numerous  experiments,  made  on  atmospheric  elec- 
tricity, show  that  the  free  electricity  of  the  atmos- 
phere is  generally  positive  in  character,  especially  in 
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clear  'weather.     During  rainy  weather,  it  is  gener- 
ally negative,  but  is  apt  to  change  suddenly,  and  at 
frequent  intervals,  from  negative  to  positive,  this 
especially  being  the  case  on  the  approach  of  f ogs,  phSSTciec- 
rain,  hail,  sleet,  or  snow.     As  a  rule,  the  higher  re-  geSSdiy 
gkms  of  the  atmosphere  contain  more  free  electric- pottitlve* 
ky  than  the  lower  regions.     When  no  electricity  can 
be  detected  in  the  lower  regions,  the  mere  raising  of 
a  pointed  conductor  into  the  air,  to  no  greater  height 
than  can  be  reached  by  an  ordinary  fishing  rod,  will 
frequently  show  the  presence  of  electricity,  when  the 
lower  end  of  the  conductor  is  connected  to  an  elec- 
trometer. 

Instead  of  a  tall,  upright,  pointed  conductor  for 
cflbtaining  electric  charges  from  the  atmosphere, 
Cross,  of  England,  studied  the  electrical  conditions 
of  the  lower  regions  of  the  atmosphere  by  the  use  of  Exploring 
an  exploring  wire.  This  consisted  of  more  than  a  o?  wires  of 
mile  of  wire,  suitably  supported  on  insulators,  placed 
on  poles  extending  nearly  ioo  feet  above  the  tops  of 
the  tallest  trees  in  his  park.  He  connected  these 
wires  by  means  of  conductors  to  his  laboratory,  and, 
even  during  wet,  foggy  weather,  collected  sufficient 
electricity  to  charge  and  discharge  a  Leyden-jar  bat- 
tery of  some  fifty  jars  having  a  total  surface  of 
seventy-three  square  feet,  as  often  as  twenty  times  a 
minute.  Each  discharge  of  this  large  battery  pro- 
duced a  report  as  loud  as  the  discharge  of  a  cannon. 

Cross  gives  the  following  interesting  description 
of  the  electric  effects  produced  on  his  exploring  wire  Magna- 

_  _  ~  cent  Atmos* 

by  the  occurrence  of  a  dense  November  fog :  pfaeric 

*  .  -r  •  i  •         •  i_l»i  electric 

"Many  years  since,  I  was  sitting  in  my  electrical  jjjjgjgg1 
room  on  a  dark  November  day,  during  a  very  dense  b7° 
driving  fog  and  rain,  which  had  prevailed  for  many 
hours,  sweeping  over  the  -earth,  impelled  by  a  south- 
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west  wind.  The  mercury  in  the  barometer  was  low, 
and  the  thermometer  indicated  a  low  temperature. 
I  had  at  this  time  i  ,600  feet  of  wire  insulated,  which, 
crossing  two  small  valleys,  brought  the  electric  fluid 
into  my  room.  There  were  four  insulators,  and  each 
of  them  was  streaming  with  wet,  from  the  effects  of 
the  driving  fog.  From  about  eight  o'clock  in  the 
morning  until  four  in  the  afternoon,  not  the  least 
appearance  of  electricity  was  visible  at  the  atmos- 
pheric conductor,  even  by  the  most  careful  appplica- 
tion  of  the  condenser  and  multiplier;  indeed,  so  ef- 
fectually did  the  exploring  wire  conduct  away  the 
electricity  which  was  communicated  to  it,  that  when 
it  was  connected  by  means  of  a  copper  wire  with  the 
prime  conductor  of  my  eighteen-inch  cylinder  in 
high  action,  and  a  gold  leaf  electrometer  placed  in 
contact  with  the  connecting  wire,  not  the  slightest 
effect  was  produced  upon  the  gold  leaves.  Having 
given  up  the  trial  of  further  experiments  upon  it,  I 
took  a  book,  and  occupied  myself  with  reading,  leav- 
ing by  chance  the  receiving  ball  at  upward  of  an  inch 
distance  from  the  ball  in  the  atmospheric  conductor. 
About  four  o'clock  in  the  afternoon,  while  I  was  still 
reading,  I  suddenly  heard  a  very  strong  explosion 
between  the  two  balls,  and  shortly  after  many  more 
took  place,  until  they  became  one  uninterrupted 
stream  of  explosions,  which  died  away  and  recom- 
menced with  the  opposite  electricity  in  equal  vio- 
lence. The  stream  of  fire  was  too  vivid  to  look  at 
for  any  length  of  time,  and  the  effect  was  most  splen- 
did, and  continued  without  intermission,  save  that 
occasioned  by  the  interchange  of  electricities,  for  up- 
Biectric  war<*  °*  ^ve  hours,  and  then  ceased  totally.  During 
SbSSed  the  whole  day,  and  a  great  part  of  the  succeeding 
w£i3&rct  n*£ht,  there  was  no  material  change  in  the  barom- 
eter, thermometer,  hygrometer,  or  wind ;  nor  did  the 
driving  fog  and  rain  alter  in  its  violence.    The  wind 
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was  not  high,  but  blew  steadily  from  the  southwest. 
Had  it  not  been  for  my  exploring-  wire,  I  should  not 
have-  had  the  least  idea  of  such  an  electrical  accumiiH 
htion  in  the  atmosphere :  the  least  contact  with  the 
conductor  would  have  occasioned  instant  death — the 
stream  of  fluid  far  exceeding  anything  I  ever  wit- 
nessed, excepting  during  a  thunderstorm.  Had  the 
insulators  been  dry,  what  would  have  been  the  ef- 
fect? In  every  acre  of  fog  there  was  enough  ac- 
cumulated Electricity  to  have  destroyed  every  ani- 
mal within  that  acre.  How  can  this  be  accounted 
for  ?  How  much  have  we  to  learn  before  we  can 
boast  of  understanding  this  intricate  science?" 

It  is  not  improbable,  as  has  been  asserted  by  some, 
that  the  sacred  fire,  drawn  down  from  heaven  by 
Promethens,  was  lightning.  Some  even  go  so  far  asfgm* 
to  assert  that  the  ability  of  thus  drawing  down  light-  ***\y  eve- 
ning from  the  sky  was  known  in  remote  antiquity 
to  the  priests  of  various  nations*  who  made  use  of 
such  knowledge  to  inspire  the  worshippers  with  rev- 
erence. Some  of  the  earKer  Romans  were  thus- 
credited  with  this  knowledge.  Numa  Pompilius  is- 
said  to  have  thus  drawn  down  the  sacred  fire  on  a 
number  of  occasions  with  entire  safety.  Tullus 
Hostflius,  after  having  read  some  notes  left  by 
Numa  on  the  sacred  art  of  thus  worshipping  Jupiter 
Elicras,  attempted  to  repeat  the  sacred  worship,  but, 
departing  from  the  rules  of  the  holy  rite,  aroused 
the  ire  of  Jupiter,  and  was  struck  dead  by  a  lightning* 
flash.  According  to  another  account,  one  of  the 
kings  of  Alba  was  killed  by  a  bolt  from  heaven 
while  performing  a  similar  ceremony.  Ovid  thus1 
refers  to  this  fact:  "Fuhnineo  periit  imitator  fwf- 
mktis  ictu"  * 

*  "In  imitating  thunder,  the  thunderer  perished." 
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Atmospheric  electricity,  the  name  generally  given 
Probable    to  the  free  electricity  of  the  air,  has  been  ascribed 
Suieefor  to  a  variety  of  causes,  such  as  the  evaporation  of 
phcrte       water;  the  friction  of  air  particles  against  one  an- 
eiectricity.  q^^  against  water  globules  in  the  atmosphere,  or 
against  the  earth's  surface;  to  differences  of  tem- 
perature, etc.     It  is  possible  that  besides  the  above, 
all  of  the  many  other  physical  processes,  which  are 
constantly  going  on  in  nature,  act  conjointly,  to  a 
greater  or  less  extent,  in  imparting  both  to  the  at- 
mosphere and  to  the  earth,  the  opposite  electric 
charges,  which  they  are  always  found  to  possess. 

Volta  was  the  first  to  suggest  that  the  free  electric- 
ity of  the  air  was  due  to  the  evaporation  of  water, 
theory  of    Other  physicists  made  investigations  in  this  direc- 
pheSc .     tion.     Of  these,  the  studies  of  Pouillet  were  the  most 
eecrciy.  ^^j^     q^is  physicist  pointed  out  the  necessity 
for  the  existence  of  saline  substances  dissolved  in 
the  water,  showing  that  the  evaporation  of  pure 
water  was  not  attended  by  the  production  of  any 
electric  charge.     But  what  is  peculiarly  suggestive 
in  Pouillet!s  conclusion,  is  that  the  evaporation  of 
ocean  water,  that  is,  of  water  containing  a  large  per- 
centage of  common  salt  in  solution,  produces  a 
marked  electrification  of  the  air,  the  vapor  being 
Son^f1"*-    positively  charged,  and  the  vessel  containing  the 
water  of     water  negatively  charged.     When  we  bear  in  mind 

ocean  prob-  o  ^  o 

SSL111*111  the  vast  extent  of  the  ocean  surface,  and  the  im- 
mense amount  of  evaporation  that  is  constantly  tak- 
ing place  every  day,  we  can  see  the  significance  of 
Pouillet's  observation  on  one  of  the  possible  causes 
for  the  free  electricity  of  the  air,  since  this  would  ac- 
count, at  least  in  part,  both  for  the  positive  electric- 
ity of  the  atmosphere  and  the  negative  electric  con- 
dition in  which  the  earth  is  generally  found. 


cause. 
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Pouillet  observes  that  even  in  the  case  of  fresh 
waters,  such  as  those  of  rivers  and  springs,  there  is 
present  a  sufficient  quantity  of  dissolved  saline  mat- 
ters to  cause  the  vapors  arising  from  their  surfaces 
to  acquire  a  small  positive  charge. 

Sylvanus  P.  Thompson  coincides  with  Pouillet  in 
the  belief  that  the  free  electricity  of  the  atmosphere  IfiSSmp. 
is  due,  at  least  in  part,  to  this  evaporation  that  con-  ■OIL 
stantly  goes  on  from  the  ocean's  surface. 

Among  modern  philosophers,  probably  none  have 
given  greater  attention  to  atmospheric  electricity  Lodgt  on 
than  Prof.  Oliver  Lodge,  who  points  out  the  factJ^Sf 
that  the  production  of  electricity  by  the  friction  of el€Ctricit* 
air  against  water  is,  to  say  the  least,  improbable. 
He  questions  the  opinion  expressed  by  some  that 
the  motion  of  the  dust  particles  against  the  air 
constitutes  the  principal  cause.     He  acknowledges, 
however,  that  if  this  be  one  of  the  causes,  it  is  con- 
stantly acting,  and  that  the  effect  of  a  shower  of 
rain  must  be  to  carry  down  to  the  earth  some  of 
the  charge  accumulated  during  dry  weather. 

Pointing  out  the  well-known  fact  that  during  all 
severe  atmospheric  disturbances,  such  as  cyclones,  Lod^,8 
tornadoes,  and  thunder-gusts,  a  rotary  or  whirling  j*5*£, 
motion  of  the  wind  is  known  to  exist,  Lodge  sug- J^gSL 
gests  that,  if  in  thunder-gusts  the  axis  around  which 
this  rotary  motion  occurs  be  regarded  as  horizontal, 
there  would  then  be  produced,  by  such  an  action,  an 
arrangement  not  unlike  that  of  an  ordinary  cylin- 
drical frictional  machine,  with  the  earth  acting  as 
a  rubber  and  the  upper  regions  of  the  atmosphere  as 
the  prime  conductor ;  that  the  air  electrified  by  fric- 
tion against  the  earth  in  the  whirling  motion  carries 
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the  charges  so  produced  into  the  upper  regions  of  the 
air,  where  it  discharges  them,  again  approaching  the 
surface  of  the  earth  by  condensing,  where  it  is  re- 
charged by  friction.  He  also  suggests  that  in  all 
storms  the  wind  driving  a  spray  of  mist  against  the 
earth's  surface  may  produce,  on  a  large  scale,  a 
natural  type  of  Armstrong's  hydro-electric  machine. 

Without  going  further  into  the  theories  concern- 
ing the  production  of  the  free  electricity  of  the  air, 
SSS^of  we  wiN  call  brief  attention  to  the  theory  of  Peltier, 
SKric  which  is,  perhaps,  more  generally  held  by  philoso- 
eicctncity.  pllers  than  any  othe,.  Peltier  believes  that  the  pres- 
ence of  the  free  electricity  of  the  atmosphere  can  be 
explained  by  the  inductive  action  of  the  earth  on  the 
conducting  stratum  in  the  higher  regions,  through 
the  non-conducting  layer  of  air  that  lies  between 
the  two.  It  is  a  known  fact  that  the  surface 
of  the  earth  possesses  a  permanent  negative  elec- 
tric charge,  at  least  negative  when  compared  to  the 
condition  of  the  air  outside  it.  If  Peltier's  theory 
be  correct,  then  the  negative  earth,  acting  inductively 
through  the  non-conducting  layer  of  atmosphere, 
would  produce  negative  charges  in  the  upper  con- 
ducting regions  of  the  air  by  induction. 

Kelvin  (Sir  William  Thomson)  shows,  by  actual 
Kelvin  on  measurements  in  a  number  of  localities,  that  the  en- 


phcnc  tire  surface  of  the  earth  is  negatively  electrified,  and 
that  the  electrification  varies  both  at  different  times 
and  in  different  localities.  During  rainstorms,  the 
earth's  surface  may  become  positively  charged. 
Although  Kelvin  does  not  agree  with  Peltier  in  all 
his  conclusions,  yet  he  believes  that  an  inductive  ac- 
tion does  take  place  between  the  generally  negative 
earth  and  the  upper  conducting  regions  of  the  at- 
mosphere. 
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If  the  inductive  theory  be  true,  then  the  inhabi- 
tants of  the  earth  are  in  the  curious  position  of  liv-  The  e^., 
ing  in  the  dielectric  of  a  huge  Leyden  jar,  of  which  J^^ 
the  earth  and  the  sky  are  the  two  coatings,  and  the,ar* 
non-conducting  air  the  dielectric.  When  we  say  the 
sky  we  mean  the  higher  conducting  regions  of  the  at- 
mosphere. This  conducting  layer  is,  probably,  to  be 
found  at  a  height  of  less  than  twenty  miles  above  the 
level  of  the  sea.  Whenever  the  opposite  charges  be- 
come sufficiently  powerful  the  intervening  dielectric 
is  broken,  and  the  discharge  takes  place.  Ordina- 
rily, the  distance  of,  say  approximately,  twenty  miles, 
which  we  assume  represents  half  the  thickness  of  the 
•dielectric,  is  too  great  to  permit  this  sparking  to  take 
place,  but  every  now  and  then,  from  one  cause  or 
another,  portions  of  the  charge  on  the  upper  coating 
are  carried  downward  as  clouds,  and,  when  they 
approach  near  enough,  disruptively  discharge  either 
to  the  earth  or  to  neighboring  oppositely  charged 
clouds. 

It  is  a  fortunate  circumstance  that  neither  of  the 
coatings  of  this  great  Leyden  jar  are  good  conduc-  Wh 
tors  of  electricity;  for,  as  we  have  seen,  when  thecal 

ut8CD&rflTC8 

discharge  of  a  Leyden  jar  occurs,  the  presence  of  thej»  ^4 
opposite  metallic  coatings,  which  are  excellent  con-  general.  f 
ductors  of  electricity,  ensures  the  almost  complete  dis- 
charge of  the  dielectric  in  one  single  flash.  We  say 
almost  complete  discharge,  because  although,  as  we 
have  heretofore  pointed  out,  a  residual  charge  does 
occur,  yet  it  is  quite  small  compared  with  the  initial 
discharge.  Were  the  earth's  Leyden  jar  furnished 
with  good  conducting  coatings,  the  entire  charge 
existing  on  the  earth,  and  its  opposite  coating  of 
fairly  conducting  stratum  of  air,  would  take  place  in 
one  single,  awful  crash,  the  effects  of  which  are  ap- 
palling to  contemplate. 
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Neither  the  insulated  rod  of  Dalibard,  nor  the 
electric  kite  of  Franklin,  are  sorted  for  continuous 
observations  on  the  free  electricity  of  the  atmos- 
phere. Regular  electric  observatories  are  established 
for  the  study  of  these  phenomena,  and  various  forms 
of  instruments  are  employed,  especially  devised  for 
this  particular  purpose.  We  will  describe  a  few  only 
of  these  instruments. 


Fig.  J3-— Peltier'i  Electrometer  lor  Studying  Atmospheric  Charges.  The 
■calf  divisions  are  marked  both  al  the  top  and  bottom  of  the  glass  cage,  la 
reading  the  angular  deflection  of  the  needle,  the  eye  is  placed  so  that  the 
deflected  needle  points  to  the  same  scale  division  in  both  the  upper  and  the 


Saussure  employed  a  form  of  pith-ball  electrom- 
'  eter,  in  which  the  pith-balls  were  replaced  by  two 
straws.  This  instrument  was  protected  from  the  ram 
by  a  metallic  cap,  placed  on  the  top  of  the  inclosed 
glass  cage  containing  the  straws.  The  divergence  of 
the  straws,  which  marked  the  potential  of  the  charge, 
was  read  by  means  of  a  graduated  scale,  A  more  or 
less  elongated  metallic  rod,  pointed  at  its  upper  ex- 
tremity, surmounted  the  instrument.  Volta  improved 
this  form  of  instrument  by  placing  a  piece  of  lighted 
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tinder  at  the  upper  extremity  of  the  pointed  conduc- 
tor. This  had  the  effect  of  extending  the  action  of 
the  rod,  from  the  fact  that  the  heated  smoke  acted  as 
a  conductor,  thus  permitting  the  column  to  collect 
electricity  from  the  air  at  a  greater  height. 

Peltier  devised  an  electrometer  which  he  employed 
in  his  researches  on  atmospheric  electricity.    In  Pel-  Sectrom- 
tier's  instrument,  as  shown  in  Fig.  53,  the  pith-balls eter* 
and  straws  of  the  other  electrometers  are  replaced  by 
a  light  metallic  needle,  bb,  supported  in  a  horizontal 
position  on  a  vertical  pivot.    To  this  metallic  needle 
is  rigidly  attached  a  small  magnetic  needle,  aa.  Both 
needles  are  suspended  inside  a  metallic  ring,  at- of^uS"*00 
tached  to  the  lower  end  of  the  vertical  metallic trometer- 
stem  which  passes  through  the  top  of  the  instrument. 
At  the  upper  end  of  this  stem  are  attached  a  metallic 
conical  shade  to  screen  the  instrument  from  the  rain, 
and  a  hollow  metallic  ball,  provided  for  receiving  the 
charge.     Below  bb  another  larger  needle,  cc,  is  sup- 
ported by  the  same  pivot  as  bb. 

In  use,  the  electrometer  is  placed  so  that  the  large 
needle  is  in  the  same  vertical  plane  as  the  magnetic  Manner  of 
meridian ;  in  other  words,  the  instrument  is  so  placed  SSmetcr. 
that  cc  points  in  the  same  direction  as  the  magnetic 
needle,  aa,  when  it  comes  to  rest.  The  globe  of  the 
electrometer  is  then  charged  inductively  from  the  air 
by  connecting  it  momentarily  with  the  ground,  while 
under  the  inductive  influence.  The  charge  thus  im- 
parted will,  of  course,  be  of  the  opposite  polarity  to 
that  producing  it.  This  charge  causes  a  repulsion 
of  the  needle,  which  is  read  off  on  the  graduated 
scales  provided  for  that  purpose. 

It  will  be  noticed  that  in  the  above  instrument  the 
force  of  repulsion  is  measured  as  being  opposed, 
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neither  by  the  twisting  of  a  metallic  thread,  as  in 
Coulomb's  torsion  balance;  nor  by  the  force  of 
gravity,  as  in  the  pith-ball  or  straw  electroscope,  but 
as  against  the  force  of  magnetic  attraction  with 
which  the  earth  acts  on  the  magnetic  needle,  cc. 

The  exploring  conductor,  employed  at  the  Me- 
teorological Royal  Observatory,  at  Greenwich,  is 


ortrur  shown  m  Fig.  54.  Here  B  is  a  copper  rod,  00 
conductor  which  slides  a  lantern.  A,  containing  a  constantly 
JJjEJob.  naming  lamp.  This  rod  is  supported  at  its  lower 
Krnt«7,  end  by  an  insulating  cone  of  glass,  placed  in  a 
wico.  wooden  compartment,  d,  kept  dry  by  the  heat  of  an- 
other constantly  burning  lamp.  The  glass  cover  is 
protected  from  the  rain  by  a  conical  copper  screen. 
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shown  at  c.  A  wire,  F,  in  electrical  connection  with 
the  copper  rod  B,  extends  to  the  electrical  instru- 
ments in  the  observing  room.  G  G  are  iron  rods  on 
which  the  apparatus  can  slide  up  and  down,  thus  per- 
mitting observations  to  be  taken  at  varying  heights. 

The  United  States  Weather  Bureau  has  made  a 
number  of  observations  on  atmospheric  electricity,  otacrva- 
both  by  means  of  kites  and  by  exploring  conductors.  a£££n 
Their  first  kite  experiments  were  made  in  1885,  atSSt^^0" 
Blue  Hill  Observatory,  some  ten  miles  southeast  of  sutanited 
Boston.     They  employed  for  this  purpose  ordinary  bSSS^ 
kites  of  a  hexagonal  shape,  raised  by  means  of 
strong  hempen  fish-line,  which  was  rendered  better 
conducting  by  a  loosely  wrapped,  bare,  thin  copper 
wire.     They  employed  in  these  experiments  a  var 
riety  of  quadrant  electrometer,  one  pair  of  opposite 
quadrants  of  which  were  charged  with  a  positive 
charge  of  500  volts,  and  the  other  pair  with  a  nega- 
tive charge  of  500  volts. 

The  influence  of  the  height  of  the  kite  on  the  volt- 
age of  the  charge  was  shown  by  the  fact  that  any 
one  observing  the  indications  of  the  electrometer 
could  tell,  without  looking  at  the  kite,  whether  it  was 
rising  or  falling ;  for,  as  the  kite  rose  in  the  air,  the 
electrometer  needle  moved  in  a  direction  indicating 
an  increase  in  its  charge,  and  when  the  kite  fell,  it 
moved  in  the  opposite  direction.     Later  on,  in  these  box  or 
investigations,  the  Weather  Bureau  employed  thewS?1**6 
box,  or  Hargrave  kite.     This  well-known  form  of 
kite  lends  itself  to  such  investigations  better  than  the 
ordinary  kite  by  reason  of  its  greater  steadiness. 
When  properly  managed,  it  remains  fairly  steady  ' 
at  any  given  elevation. 

The  part  played  by  the  clouds  in  lightning  phe- 

Vol.  I.-8 
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nomena  is  unquestionably  that  of  moving  conduc- 
bJdoJSIto  tors>  which  collect  the  charges  from  the  air,  and 
pfoSm*  discharge  them  either  into  neighboring  clouds  or 
cna-  into  the  earth.     In  addition  to  this,  it  is  probable 

that  the  clouds  also  act  to  carry  down  the  free 

charges  from  the  higher  conducting  regions  of  the 

atmosphere  to  the  lower  strata. 

Although  the  free  electricity  of  the  air  is  gener- 
Freeatmo*-ally  positive,  yet,  as  we  have  seen,  it  changes  rapidly 
Jridty  elec"  to  negative  on  the  approach  of  clouds  and  fogs. 
pSStSi?7    Clouds  may,  therefore,  be  either  positively  or  nega- 
tively charged,  as  indeed  the  discharges  occurring 
between  neighboring  clouds  demonstrate,  since,  in 
all  such  cases,  these  charges  must  be  of  opposite 
signs. 

The  lightning  flashes  attending  a  thunder-gust  are 
simply  efforts  on  the  part  of  nature  to  regain  a  con- 
dition of  electric  equilibrium  in  the  atmosphere  by 
the  neutralization  of  the  opposite  charges  on  neigh- 
boring clouds,  or  of  the  opposite  charges  on  the 
clouds  and  the  earth.  As  soon  as  this  neutraliza- 
tion is  accomplished  electrical  manifestations  of  the 
storm  are  over. 

The  peculiar  dark  and  lurid  appearance  of  what 

are  popularly  called  thunder-clouds  has,  probably, 

HelSJoTu  been  noticed  by  all.     It  is  interesting  to  state,  in  this 

tari/tw  connection,  that  we  now  have  scientific  reasons  for 

der-cioud*  ^.^  convinced  that  the  popular  belief  of  these 

clouds  being  especially  charged  with  electricity  is 
correct;  for  an  observation,  made  by  Robert  von 
Helmholtz,  shows  that  the  opacity  of  a  cloud  of 
steam  is  at  once  markedly  increased  if  a  convective 
electric  discharge  is  caused  to  pass  into  its  mass. 
Just  how  this  electric  charge  acts  is  uncertain.    It 


trie  llfhtaaad  alma  hai  well  earned' thla  atreel  the 'title  of  "  The  Greet  White  War 
lover  plctort  shove  the   ballroom  of  "  Dreamland,"  Coney  lilaad,  profnaely  lllui 
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is  most  probable,  however,  as  Lodge  has  pointed  out, 
that  its  action  is  not  unlike  that  which  Aitken  hasJSJE""1 
shown  to  exist  in  the  formation  of  dew  and  rain;25dS!,d 
viz.,  that  the  condensation  of  the  water  vapor  of  the 
air  takes  place  on  minute  nuclei  or  small  central  por- 
tions of  dust  particles  that  are  to  be  found  in  the 
atmosphere  at  practically  all  times.     Whether,  how- 
ever, in  the  case  of  the  cloud  of  steam,  the  nuclei  be 
dust  nuclei,  or  metallic  nuclei  formed  by  small  par- 
ticles of  metal  torn  off  from  the  electrodes  during  a 
discharge,  we  are  unable  to  state.     It  would  seem 
probable,  however,  from  some  very  recent  observa-  Possible 
tions,  that  they  consist  of  metallic  nuclei,  composed  5r^ronCs°in 
of  electrons  or  atomic  fragments  torn  from  the  elec-  douds!r" 
trodes  during  the  discharge. 

Various  speculations  have  been  advanced  to  ac- 
count for  the  exceedingly  high  potential  of  the 
lightning  flash.  One  of  the  most  generally  received 
of  these  attributes  the  high  potential  to  the  union 
or  coalescence  into  a  single  drop  of  the  numerous 
minute  drops  of  water  with  which  all  clouds  are 
formed.  The  charges  of  the  minute  drops  of  water 
that  form  clouds,  like  all  electric  charges,  reside 
on  the  surfaces  of  the  drops.  When,  therefore,  suggested 
several  thousands  of  these  drops  coalesce,  or  wgh?Joten- 
unite  to  form  a  single  rain  drop,  the  area  of  the  lightning 
combined  drop  is  enormously  smaller  than  the  sum 
of  the  areas  of  all  the  combined  drops.  The  density 
of  the  electric  charge  on  the  rain  drop  is,  therefore, 
correspondingly  increased  with,  of  course,  an  at- 
tendant increase  in  the  electric  pressure  or  electro- 
motive force.  Tait,  in  a  lecture  on  thunderstorms 
delivered  in  1880,  has  expressed  his  doubt  as  to  the 
correctness  of  this  explanation. 

The  form  of  apparatus  shown  in  Fig.  55  is  in- 
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Ex 

wit! 
sulated 


tended  to  illustrate  this  principle.     A  metallic  cur- 
?ffii™ent  tain>  suspended  as  shown,  is  provided  with  an  in- 
meSu»c     sulated  handle,  by  means  of  which  it  can  be  rolled 
Sigcd      °r  unrolled   something  like  an   ordinary  curtain. 
rSied  and  The  shade  or  curtain  is  wrapped  on  the  surface  of  a 
then  roiled  metaujc  cylinder,  by  means  of  which  it  is  in  elec- 
tric   connection    with    the    quadrant    electrometer 
shown  at  the  upper  left-hand  corner  of  the  figure. 
If  now,  while  the  curtain  is  unrolled,  a  feeble  elec- 
tric charge  is  imparted  to  it,  scarcely  sufficient  to 
cause  the  pith  balls  to  move  apart,  the  increase  in 


Pig.  55.— Suggested  experiment  to  show  how  lightning  discharges  acquire 

their  exceedingly  high  electric  potential. 


the  electric  density  of  this  charge,  which  will  occur 
when  the  curtain  is  rolled  up,  and  the  extent  of  its 
outer  surface  is  thus  decreased,  will  be  at  once  evi- 
dent by  the  violent  repulsion  of  the  pith  ball  of  the 
quadrant  electrometer. 


The  amount  of  free  electricity  in  the  atmosphere 
chanqnin  is' subject  to  daily  variations.  Without  going  into 
?r^eieJ.o£  detailed  descriptions  of  these  variations,  it  is  suffi- 
Se  at- m  cient  to  say  that  in  the  Northern  Hemisphere,  be- 
mosphere.  tween  iatitude  40  and  55  degrees,  there  are,  during 
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every  twenty-four  hours,  two  periods  when  the  elec- 
tric charge  is  greatest,  and  two  periods  when  the 
electric  charge  is  least.  Though  varying  somewhat 
with  the  season  of  the  year,  the  two  maxima  occur 
a  few  hours  after  sunrise  and  a  few  hours  after 
sunset,  and  the  two  minima,  a  short  time  before  sun- 
rise and  a  few  hours  before  sunset.  There  are,  also, 
annual  changes,  the  charges  increasing  in  intensity 
from  July  to  December,  when  they  again  begin  to 
decrease. 

It  has  frequently  been  noticed,  during  a  thunder- 
storm, that  a  peal  of  thunder  is  almost  immediately 
followed  by  unusually  large  drops  of  rain.     This  ££??!* 
effect  is  popularly  ascribed  to  the  agitation  or  shak-  STnSiS^ 
ing  of  the  air  by  the  thunder,  causing  a  number  of clap* 
smaller  drops  of  rain  to  unite  into  larger  drops. 
The  phenomenon,  however,  is  an  electric  one,  and 
is  caused  by  the  lightning  flash  and  not  by  the  ac- 
companying thunder  peal  or  crash  in  the  atmosphere. 

If  a  large  jar  or  other  space,  filled  with  dust, 
smoke  particles,  or  the  minute  water  particles  pro- 
duced by  condensed  steam,  has  a  brush  electric  dis-  ££S?,8  of 
charge  sent  into  it,  an  exceedingly  curious  effect Suitdtof* 
will    be    produced.      Almost    instantly    the    space  ?SScby 
will  be  cleared  of  its  dust,  smoke,  or  water  par-char**8' 
tides,  which  will  be  observed  to  rush  together  and 
rapidly  coalesce  or  unite  in  large  particles,  which 
either  fall  to  the  bottom  of  the  jar  by  their  weight, 
or  are  driven  to  the  waJIs  of  the  space,  to  which  they 
adhere.     As  we  shall  see  in  another  volume,  the 
fact  that  electric  discharges  possess  the  force  of  caus- 
ing finely  divided  matter  to  coalesce  or  cohere  is  em- 
ployed in  wireless  telegraphy. 

It  is  not,  at  first  sight,  very  clear  just  why  this 
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electrical  aggregation  of  finely  divided  matter  takes 
place.  Electric  charges  of  the  same  name,  as  we 
have  already  seen,  repel  each  other,  but  here  the 
presence  of  an  additional,  or  outside,  charge  results 
Rayieifrh  *n  the  mutual  attraction  of  the  particles.  The  fol- 
SSic^a  of"  lowing  experiment  of  Rayleigh,  however,  may  make 
5}S£?-j5*.  it  more  readily  understood.  Every  one  knows  the 
characteristic  fan-like  shape  of  a  vertical  water- jet, 
such,  for  example,  as  that  formed  by  an  ordinary 
garden  hose.  Although,  near  the  nozzle,  the  jet 
has  a  clear,  rod-like  appearance,  yet  near  its  extrem- 
ity it  loses  its  transparency,  becomes  turgid,  and 
spreads  out  in  a  fan-like  form.  Now,  Rayleigh  has 
shown  that  an  electrified  rod  of  sealing-wax 
brought  near  such  a  jet  will,  even  while  a  yard 
or  more  distant,  cause  a  remarkable  change  to  take 
place,  both  in  the  size  and  in  the  general  appearance 
of  the  jet,  which  shrinks  on  itself,  while  the  brush- 
like appearance,  at  the  top,  almost  entirely  disap- 
pears. 

Rayleigh  found,  on  carefully  examining  such  a 
jet  by  means  of  intermittent  flashes  of  light,  that 
Examina-    the  fan-like  expansion  of  the  unelectrified  jet  was 
trifieS£  clec"  due  to  a  scattering  of  the  separate  particles  of  the 
S^nte?8  water  when  they  collided  or  struck  against  one  an- 
Sadiestf    other,  the  separate  particles  rebounding  from  one 
llght'        another,  instead  of  uniting  to  form  larger  drops. 
He  showed,  however,  that  this  rebounding  only  oc- 
curred while  the  separate  water  particles  were  at  the 
same  electric  potential,  and  that,  if  a  small  difference 
of  potential  was  produced  in  some  of  them,  as  by 
the  approach  of  the  rubbed  sealing-wax,  that' the 
colliding  particles  then  immediately  united  or  co- 
alesced, and  so  increased  in  size,  altering  the  entire 
appearance  of  the  jet.     In  the  same  way,  the  dis- 
charge of  the  charged  cloud,  consisting  as  it  does 
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of  numerous  water  particles,  producing  a  slight  dif- 
ference of  potential  between  these  particles,  causes 
them  instantly  to  coalesce  on  colliding,  and  thus  to 
produce  the  large  rain  drops  that  occur  during 
thunderstorms,  almost  immediately  after  a  lightning 
flash. 

Lodge  points  out,  in  this  connection,  the  possibility 
of  weather  changes  being  more  dependent  on  the 
electrical  conditions  of  the  atmosphere  than  has  hith-  gSt00 
erto  been  thought  probable.     He  suggests  that  thereon?1 
uniformity  of  the  electric  potential  of  the  small  cloud  o? atm«S£ 
particles  would  necessarily  result  in  the  formation  of  theerc  *"d 
a  fog,  while  the  establishment  of  a  small  difference  wca 
of  electrical  potential  between  them  would  necessarily 
result  in  precipitation,  and,  consequently,  clearing 
weather. 
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CHAPTER   IX 

LIGHTNING    AND    THUNDER PROTECTION    AGAINST 

LIGHTNING    STROKES 

"The  problem  of  (lightning)  protection,  therefore,  ceases 
to  be  an  easy  one,  and  violent  flashes  are  to  be  dreaded,  no 
matter  how  good  the  conducting  path  open  to  them." — Oliver 
Lodge 


A 


S  we  have  already  seen,  when  the  difference 
of  potential,  or  electric  pressure,  between 
^tiling  *  *  neighboring  clouds,  or  between  a  point  on 
o£S?  the  earth's  surface,  and  a  point  on  a  neighboring 
cloud,  becomes  sufficiently  great,  the  tension  of  the 
intervening  dielectric,  or  air,  is  relieved  by  a  rup- 
ture or  smashing  of  the  air  between  these  points, 
and  a  lightning  flash  occurs.  It  is  a  popular  mis- 
take to  believe  that  this  action  takes  place  between 
some  particular  point  on  the  earth,  such  as  a  tall 
building,  and  a  corresponding  point  on  the  ap- 
proached cloud.  Such  an  idea  is  quite  erroneous; 
the  action,  in  reality,  takes  place  between  an  ex- 
tended area  on  the  earth's  surface  and  a  corre- 
spondingly extended  area,  possibly  of  several  thou- 
sand acres  of  charged  clouds.  Lightning  flashes, 
partofSa  e  therefore,  necessarily  discharge  large  areas,  both 
flfshbufa  of  the  earth's  surface  and  of  the  surfaces  of 
ofthephc-  the  opposed  cloud.  In  addition  to  the  flash  that 
can  be  seen,  as  marking  the  passage  of  the  discharge, 
there  is  also  a  rush  of  electricity  both  over  the 
surfaces  of  the  cloud  and  over  the  earth's  surface, 
between  the  two  points  of  discharge.     This  rush- 
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fog  of  electricity  along  these  two  conducting  sur- 
faces is  very  apt,  as  Lodge  points  out,  to  set  up 
a  condition  of  affairs  liable  to  produce  secondary 
lightning  flashes. 

Lightning  strokes  assume  a  variety  of  forms  which 
we  will  now  briefly  discuss.     Forked  lightning,  or 


Fio.  jri.— Parked  Lightning.  Note  that  the  alleged  tigiagi  or  aharp  angular 
bendii  are  wholly  Absent  in  the  photograph.  Even  when  examined  by  a  mag- 
nifying glua  the  benda  are  rounded,  like  those  of  a  meandering  river  channel 
in  the  lower  course  of  the  stream. 


the  so-called  zigzag  lightning,  is,  perhaps,  the  most 
characteristic  of  all  lightning  flashes.     It  is  a  popu-  Forked  or 
lar  error  to  believe  that  such  flashes  pass  over  angu-  ESHng. 
lar  or  zigzag  paths.     Photographs  of  forked  light- 
ning show  clearly  that  there  are  no  sharp  angular 
bends,  but  that  the  flash  follows  a  winding,  meander- 
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ing  course,  very  similar  to  the  bendings  or  windings 
of  a  river  channel.  Fig.  56,  photographed  by  John 
M.  Justice  of  Philadelphia,  shows  lightning  flashes 
of  this  type,  in  which  the  rounded  bends  are  clearly 
seen,  and  in  which  no  sharp  or  angular  zigzags  can 
be  detected.  A  lightning  flash  occurring  between 
the  clouds  is  shown  in  Fig.  57,  that  is  also  repro- 
duced from  photographs  by  Mr.  Justice.  Some 
forms  of  lightning  discharges  between  the  clouds 


lightning. 


Fia.  5;.— Lightning  Fliah  between  Neighboring  Clouds. 

and  the  earth  are  shown  in  Fig.  58,  also  reproduced 
from  photographs  by  Mr.  Justice.  The  faint 
branches  in  these  discharges  are  very  marked. 

Sheet  lightning  is  the  name  given  to  a  variety  of 
lightning  in  which  an  expanded  flash  appears,  light- 
ing up  the  surfaces  of  the  surrounding  clouds.  Sheet 
lightning  is  probably  due  to  the  reflection  of  light 
from  the  clouds  of  a  lightning  flash  that  has  oc- 
curred too  far  off  from  the  observer  to  permit  the 
thunder  to  be  heard.  Such  flashes  are,  therefore, 
unaccompanied  by  thunder.     This  form  of  lightning 
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is  sometimes  called  summer  lightning.  In  sheet 
lightning  the  outlines  of  the  clouds  are  momentarily 
illumined  by  the  flashes. 

Globular  lightning  is  a  rare  form  of  lightning,  in 
which  the  discharge  assumes  the  form  of  a  globe  of  Globular 
light,  which  either  remains  stationary  in  the  air  or  j^huling, 
moves  slowly  through  it  and  then  disappears,  gen- 
erally with  a  loud  explosion.  Globular  lightning  is 
a  comparatively  rare  phenomenon.  A  case  is  on 
record  where  a  large  ball  of  fire  came  down  the 


Pig.  58 Lightning  Flashes  between  tbe  clouds  and  the  earth. 

chimney  of  a  small  house,  entered  the  room,  and 
rolled  slowly  across  the  floor.  It  then  gently 
rolled  out  through  the  middle  of  the  room  and  dis- 
appeared through  a  crack  in  the  wall.  Although 
several  people  were  present  in  the  room,  yet  no  in- 
jury was  done. 

Another  appearance  of  globular  lightning  is  thus  D  l 

related  by  Noad :  °|  gjojnSr 

"At  four  p.m.,  a  great  deal  of  wind;  lightning ^j^ 
and  heavy  black  clouds  passing  over  head;  at  half- 
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past  six  a  ball  of  fire  struck  the  mainmast,  passed 
through  the  upper  deck,  making  a  hole  about  eight- 
teen  inches  in  diameter  and  four  feet  from  the  mast, 
when  it  exploded  on  the  gun-deck  with  a  tremendous 
noise,  and  forcing  the  deck  upward  abaft  the  main- 
mast. About  a  quarter  past  seven .  another  ball  of 
fire  struck  the  mainmast,  and  ascending  upward  and 
passing  through  the  centre  of  the  mast,  it  exploded 
with  a  loud  crackling  noise  like  the  roll  of  musketry, 
with  vivid  sparks,  breaking  several  of  the  large 
iron  hoops  Which  surround  the  mast,  and  scattering 
the  fittings  in  all  directions.  A  sailor,  on  approach- 
ing the  hole  on  the  deck,  was  scorched  so  severely 
from  below  upward  that  he  died  twelve  days  after 
in  extreme  agony.  The  compass  was  not  affected, 
nor  was  there  any  smell." 

From  some  experiments  made  by  Plante  in  a 
form  of  battery  called  a  secondary  battery,  which 
rio£Su?n  we  will  discuss  in  another  part  of  the  book,  the 
ightmng.  gk^  Qf  £re  appears  to  be  formed  by  rarefied  in- 
candescent air,  or  gas,  resulting  both  from  the  de- 
composition of  the  water  vapor  and  from  its  high 
temperature. 

The  highly  important  facts  that  have  been  re- 
cently discovered  concerning  the  possibility  of  elec- 
pSnation*"  trie  discharges  tearing  off  minute  fragments  from 
ofgioSilf  the  atoms  of  ordinary  matter,  and  forming  there- 
in tmng.   w.^  an  extremely  tenuous  kind  of  matter,  possess- 
ing properties  peculiar  to  itself,  render  it  not  at  all 
improbable  that  the  long  sought  for  explanation  as 
to  the  cause  of  globular  or  ball  lightning  may  be 
found  in  the  formation,  under  the  powerful  action 
of  lightning  flashes  or  discharges,  of  small  quanti- 
ties of  intensely  heated  and  highly  charged  matter, 
formed    from    disassociated    atoms.    Such    matter 
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would  possess  the  exceedingly  light  and  highly  rare* 
fied  condition  that  Plante  pointed  out  as  necessary 
for  the  nucleus  or  central  portion  of  globular  or 
ball  lightning.     Moreover,  the  great  stability  that 
the  atoms  of  ordinary  matter  possess,  a  stability  so 
great  that  it  has  only  been  recently  that  their  dis- 
association  or  tearing  apart  has  been  believed  pos-  SJpSS?" 
sible,  would  appear  to  indicate  a  corresponding  de- o^gfoSKi 
gree  of  intensity  with  which  such  matter  would  aSittoms. 
tend  to  recombine,  and  again  enter  into  its  more 
stable  form  as  ordinary  matter.   Both   the  levity 
of   the  globes   of  fire,   as   indicated   by  the  ease 
with  which  they  float  about  in  the  air,  and  the 
intense  force  with  which  they  generally  explode, 
as  manifested  by  the  destructive  effects  they  pro- 
duce around  them,  and  the  loud  reports  attending 
their  breaking  up,  would  seem  to  render  this  explana- 
tion quite  possible,  the  explosion  being  probably  due 
to  the  energetic  recombination  of  the  disassociated 
atomic  matter,  as  soon  as  it  loses  its  high  tempera- 
ture or  other  condition  which  prevents  the  fragmen- 
tal  atomic  matter  from  recombining.    This  fifth  state 
of  matter,  therefore — viz.,  that  state  or  condition  of  *at*of 
matter  in  which  it  manifests  the  phenomena  of  radio- "* 
activity,  and  which  may  be  called  corpuscular,  elec- 
tronic matter,  or  fragmental  atomic  matter — may  u?Sr,,9CU" 
possibly  have  to  do,  not  only  with  the  phenomenon  of  matter, 
ball  lightning,  but  with  some  of  the  phenomena  of 
lightning  and  thunder  generally,  as  we  shall  here- 
after discuss. 

Multiple  or  ribbon  lightning  is  a  very  rare  form 
of  lightning,  in  which  the  discharge  takes  the  shape 
of  a  number  of  separate  parallel  discharges,  which <*ribEoo 
gives  the  flash  the  general  appearance  of  a  ribbon. 
Such  a  lightning  flash  is  shown  in  Fig.  59,  photo- 
graphed by  John  M.  Justice  of  Philadelphia.    Here 
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there  are  fourteen  distinct  discharges  separated  from 
one  another  by  dark  spaces. 

Bead  lightning  is  another  rare  form  of  lightning. 
It  appears,  in  the  opinion  of  Plante,  to  be  a  kind  of 
transition  form  between  forked  or  zigzag  lightning 
and  globular  lightning.  , 


Fie.  59.— Multiple  or  Ribbon  Lightning,  photographed  by  John  H.  Justice. 
Note  here  the  error  of  the  popular  belief  that  lightning  nerer  itrikea  twice  io 
the  Hfli  place.    Note,  too,  the  marked  paralleliim  of  the  •cparale  atrokea. 


Any  rainstorm  that  is  attended  by  thunder  and 
lightning  may  properly  be  called  a  thunderstorm. 
There  are  two  distinct  types  of  such  storms;  viz., 
those  which  occur  late  in  the  afternoons  or  in  the 
early  evenings  of  hot  sultry  days,  and  which  are, 
therefore,  sometimes  called  heat  thunderstorms  or 
thunder-gusts ;  and  those  which  accompany  the  great 
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storms  in  the  United  States  that  begin  in  the  west 
and  travel  toward  the  east.  Both  of  these  storms, 
have  a  progressive  motion.  It  is  not,  however,  well 
marked  in  heat  thunderstorms,  which  cover  but  a 
Hmited  territory. 

The  passage  of  a  thunderstorm  is  well  described 
by  Davis,  in  his  work  on  "Elementary  Meteorology,"  some  ck 
.from  which  the  following  description  is  condensed. °f »passi 
The  beginning  of  the  storm,  as  shown  in  Fig.  60, mo-™.** 
is  heralded  by  an  appearance  in  the  west,  during  the 
afternoon  of  a  hot  day,  of  a  forerunning  layer  of 
cirro-stratus  cloud,  a  name  given  to  one  of  the  fleecy, 
feathery  clouds  that  occur  in  horizontal  bands  or 


layers  in  the  higher  regions  of  the  atmosphere.    The 
forward   edge  of  the  cirro-stratus  cloud  is  thin, 
fibrous,  and  hazy  in  appearance.     As  it  advances, 
it  grows  thicker  at  its  opposite  end,  and  festoons  of 
clouds  slowly  descend  and  dissolve  from  its  lower 
surface,  as  the  great  rain-bearing  doud  mass  ap- 
proaches.    The  cirro-stratus  cloud  may  extend  from 
ten  to  fifty  miles  fn  advance  of  the  rain  cloud.     The 
air  is  oppressively  hot  before  the  storm,  but  grows 
slightly  cooler  as  the  forerunning  cloud  hides  theA„™„. 
sun.     "Thunder-heads,"  or  rounded  masses  of  dark,  «j«  "j^, 
lurid  clouds,  which,  as  we  have  already  seen,  mdi-g™^r- 
cate  heavily  charged  masses  of  vapor,  may  be  seen 
rising  in  the  west  an  hoar  or  so  before  the  foreran- 
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ning  sheet  of  cirro-stratus  clouds  advances  above 
them.  Distant  thunder  is  heard  as  the  thunder-heads 
approach,  and  then,  below  their  level  base   b,  may 
Aopearance  be  seen  the  gray  rain-curtain    r,  which  trails  the 
cu?2L  n"  ground  and  hides  all  objects  behind  it.     Small  de- 
tached clouds    d,  frequently  form  in  front  of  the 
main  cloud  mass,  and  rapidly  increase  in  size  until 
they  merge  with  the  storm  cloud,  which,  moving 
more  rapidly  toward  the  east,  overtakes  them.     A 
of  the  °    ragged  "squall  cloud  "  s,  of  a  light  gray  color,  rolls 
cH>ud.        beneath  the  great  dark  cloud  mass,  somewhat  be- 
hind its  forward  edge. 

The  whole  mass  of  storm  cloud  now  advances 
broadside  across  the  country  with  a  velocity  of  from 
twenty  to  fifty  miles  per  hour.     Below  the  clouds, 
and  in  front  of  the  rain,  is  the  short-lived,  outrush- 
'  Amvai  of   ing  wind  squall  g,  that  carries  with  it  clouds  of  dust, 
wind-        During  the  storm  the  temperature  may  fall  from  ten 
to  twenty  degrees  in  half  an  hour  or  less.     The  first 
drops  of  rain  are  large,  falling  in  pelting  drops,  but 
these  soon  change  to  a  heavy  downpour,  often  ac- 
companied by  hail.     The  moisture  in  the  air  in- 
Arrivaiof   creases  >    vivid,    lightning   flashes   occur   with   loud 
the  storm    thunder,  and  as  the  storm  centre  comes  more  nearly 

directly  '  ' 

overhead  of  overhead,  the  intervals  between  the  lightning  flashes 

observer's  '  °  ° 

region.  an(j  the  thunder  become  less ;  the  dark  shade  in  front 
of  the  storm  grows  less  marked ;  the  lightning  flashes 
become  less  frequent,  and  a  larger  interval  occurs  be- 
tween them  and  the  thunder,  until,  at  last,  the  storm 

of^S?  Passes>  *e  rain  ceases,  the  clouds  break  in  the  west, 
the  clear  blue  sky  appears,  and  the  air  grows  cooler, 
dryer  and  cleaner.  These  storms  do  not  appear  to 
have  a  definite  path  of  progression.  Moreover,  they 
are  relatively  local  disturbances. 

All  thunderstorms  of  this  description  are  caused 
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by  ascending  currents  of  warm,  moist  air,  that  take 
place  over  heated  areas,  where  the  pressure  of  the  Genesis  of 
atmosphere  is  reduced,  and,  therefore,  where  theJESSfSr 
barometer  is  low.     The  moist,  heated  air  rushes  in^S?cr" 
from  all  sides  toward  the  area  of  low  -pressure,  and, 
becoming  chilled  by  the  cooler  upper  and  rarer  re- 
gions of  the  air,  as  well  as  by  its  expansion  in  such 
regions,  has  its  moisture  rapidly  condensed  as  rain. 
The  heat,  liberated  during  this  condensation,  serves 
to  carry  the  moist  air  into  still  higher  regions.    The 
inflow  of  moist  air  from  below  increases  the  quan- 
tity of  electricity  in  the  cloud,  and,  finally,  the  elec- 
tric potential,  or  pressure  of  the  charge  in  the  cloud, 
increased  by  the  union  or  coalescing  of  the  numerous 
cloud  particles  into  rain  drops,  continues  until  a  dis- 
charge takes  place  from  the  cloud  in  the  form  of  a 
lightning  flash. 

The  cloudbursts  of  the  arid  districts  in  the  western 
part  of  the  United  States  are  exaggerated  forms  of 
thunderstorms.  They  continue  but  for  a  very  short  bursts! 
time,  and  do  not  cover  a  great  extent  of  territory. 
Over  the  limited  area,'  however,  the  rainfall  is  so 
excessive  that  dry  stream  channels  are  suddenly 
filled  with  roaring  torrents.  In  the  United  States 
all  the  thunderstorms  advance  across  the  country 
from  west  to  east  with  a  varying  velocity  of  from 
twenty  to  fifty  miles  an  hour. 

The  cause  of  the  outrushing  thunder-squall,  with 
its  accompanying  dust  clouds,  has  been  attributed  by 
some  to  the  action  of  falling  rain.     This,  however,  ouwushing 

thunder- 

can  not  be  true,  since  such  squalls  frequently  occur  «i«il 
under  clouds  from  which  no  rain  is  falling.     The 
true  cause  is,  probably,  the  reaction  or  kick  produced 
by  the  sudden  upward  expansion  of  the  mass  of  ris- 
ing air.    The  details  of  the  lower  part  of  Fig.  60 
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are  shown  in  Fig.  61.     Here,  as  before,  the  arrows 
indicate  the  direction  of  the  wind. 

The  United  States  Weather  Bureau  has  given  con- 
siderable attention  to  the  study  of  the  thunderstorms 
of  the  United  States,  and  has  already  been  able  to 
make  forecasts  of  coming  thunderstorms,  sufficiently 
accurate  to  be  of  value  to  the  agricultural  interests 
of  the  country.  The  following  conclusions  have  been 
reached  by  the  Weather  Bureau;  viz. — (i)   That 


Fig.  (i.— Phenomena  of  ■  Thunder-Gun. 

thunderstorms  progress  or  travel  in  well-defined 
areas  from  the  Mississippi  toward  the  east;  thus 
affecting  fairly  extended  areas.  (2)  That,  in  ad- 
dition to  such  storms,  there  are  sporadic  storms ;  i.e., 
isolated  or  separate  storms  that  cover  but  a  limited 
territory.  (These  are  the  heat  thunderstorms  al- 
ready alluded  to.)  (3)  That  thunderstorms  occur 
in  districts  which  have  been  covered  by  previous 
storms  on  the  same  date.  (4)  That  thunderstorms 
frequently  die  out  during  the  night  and  come  into 
action  again  during  the  next  day,  but  in  a  region  or 
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district  further  to  the  east.  (5)  That  therefore  it 
should  be  possible  successfully  to  predict  thunder- 
storms. 

It  is  a  fact  well  known  to  meteorologists,  who 
make  a  study  of  storms  and  other  phenomena  of  the 
atmosphere,  that  nearly  all  the  great  storms  of  the 
United  States  are  travelling  storms,  that  are  at- 
tended by  a  rotary  or  whirling  motion  of  the  wind, 
and  that  such  storms  move  broadside  across  the 
country  from  west  to  east.  It  is  largely  on  account 
of  this  fact  that  it  is  a  comparatively  easy  thing  for 
the  United  States  Weather  Bureau,  when  such  a 
storm  has  once  developed,  and  is  moving  eastward, 
to  foretell  when  it  will  reach  a  certain  part  of  the 

,  rr-.,  ,  ,    .  ,  ,  «         Elements  of 

country.     The  only  uncertain  elements  in  such  a  uncertainty 
forecast  are  the  exact  path  the  storm  will  take  and  storm  fore- 
the  rate  at  which  it  will  move  across  the  country. 
Now  many  thunderstorms  that  occur  in  the  United 
States  are  of  this  type,  and  attend  or  move  with 
such  rotary  storms ;  or,  as  they  are  more  frequently 
called,  cyclonic  storms.     Mohn,  therefore,  divides 
thunderstorms   into  two  classes;  viz.,   heat  thun- ciaadfica- 
derstorms,  above  mentioned,  and  cyclonic  thunder- thunder- 
storms.    It  is  possible,  however,  that  all  thunder- 
storms partake  to  some  extent  of  the  conditions  of 
both  of  the  above.    To  Mohn's  classes  of  thunder- 
storms, as  given  above,  there  should  be  added  winter 
thunderstorms.     These  thunderstorms  are  also  of 
the  cyclonic  type. 

According  to  the  observations  of  the  United 
States  Weather  Bureau,  thunderstorms  occur  with 
considerable  frequency  over  all  the  United  States 
east  of  the  one  hundredth  meridian  of  longitude. 
To  the  west  of  this  meridian,  except  in  the  Rocky 
Mountain  regions,  their  frequency  decreases,  reach- 
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ing  a  region  of  practically  no  storms  along  the  im- 
mediate Pacific  Coast. 


In  Fig.  62,  taken  from  Bulletin  No.  30  of  the 

Map  of      United  States  Weather  Bureau,  is  shown  the  average 

rft&under-  number  of  thunderstorms  occurring  each  year  in  the 

tLe'unned  United  States.    An  inspection  of  this  map  will  show 

StatC8*       that  there  are  three  regions  where  thunderstorms  are 

especially  numerous;  viz.,  one  over  Florida,  where 

forty-five  of  such  storms  usually  occur  every  year; 

one  in  the  middle  Mississippi  Valley,  where  there 


Pig.  6a.— Map  of  the  United  States,  showing  the  average  number  of  thunder- 
storms that  occur  annually. 

are  about  thirty-five  thunderstorms  per  year;  and 
the  third  in  the  middle  Missouri  Valley,  where  there 
are  thirty  such  storms  annually. 

The  United  States  Weather  Bureau  has  made  a 

numbers* c*r*ftd  investigation  of  the  number  of  people  killed 

ESiedCor     by  lightning  strokes  in  the  United  States.     From 

theuudited  these    observations    it    appears   that   during    1900 

ughSing    7*3  people  were  killed.     Of  these,  291  were  killed 
strokes.     jn  tfa  Qp^  fojdg  or  on  ^  highways,  158  were 
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killed  in  houses,  57  under  trees,  and  56  in  barns. 
The  circumstances  attending  the  death  of  the  re- 
maining 151  are  unknown.  Besides  those  killed 
outright,  973  were  more  or  less  injured  by  light- 
ning strokes  during  this  period.  Of  this  number 
some  327  were  injured  while  in  houses,  243  while 
in  the  fields,  or  on  the  highways,  57  in  barns,  and 
29  under  trees.  The  circumstances  attending  the 
injuries  of  the  remaining  317  are  unknown. 

It  will  be  seen  from  the  preceding  that  a  great 
variety  of  external  circumstances  attend  the  loss 
of  life  or  injury  from  lightning  strokes.     It  must  where 
not  be  supposed,  however,  that  the  number  of  deaths  EmedCorln- 
or  injuries  indicate  necessarily  the  relative  positions  l^Sning 
of  danger.     Because  more  people  either  died  or  werestro  e8# 
injured  while  in  houses  does  not  show  that  such 
are  positions  of  the  greatest  danger,  since,  of  course, 
account  must  be  taken  of  the  fact  that  more  people 
were  naturally  in  houses  during  such  storms  than 
out  on  the  highways,  or  in  the  fields.   Of  the  people 
who  were  killed  while  under  trees — a  most  danger- 
ous place  during  lightning  storms — it  is  quite  pos- 
sible that  none  of  them  would  have  been  injured 
had  they  remained  out  on  the  highways  or  in  the 
open  fields. 

Henry  points  out,  in  Bulletin  30  of  the  United 
States  Weather  Bureau,  that  the  chances  of  being 
struck  by  lightning  depend  on  the  frequency  of  the 
lightning  stroke  for  a  given  area  of  country,  while  circum- 
the  total  number  of  cases  depends  both  on  the  fre-J55gg£« 
quency  of  the  lightning  stroke  and  the  density  of f'J8*™^ 
the  population.     Necessarily,  the  number  of  strokes  Jjjgjjgjj* 
that  fall  in  any  one  State  each  year  must  depend  on 
the  number  of  square  miles  in  the  area  of  such 
State,  while  the  number  of  people  the  strokes  killed 
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or  injured  must  necessarily  be  greater  the  greater 
the  number  of  people  that  are  exposed  to  such 
strokes.  Thus,  in  Fig.  63,  the  geographic  chart  of 
the  United  States,  is  given  the  number  of  fatal 
cases  of  lightning  strokes  in  the  United  States  per 
year  for  each  ten  thousand  square  miles  of  area. 
It  will  be  noticed,  by  a  comparison  of  this  chart 
with  the  chart  which  gives  the  average  number  of 
thunder  strokes  in  the  United  States  per  year,  that 
in  the  Gulf  States,  although  the  average  frequency 


Fig.  63.— Chart  of  the  United  States,  showing  the  number  of  fatal  lightning 
strokes  per  year  for  each  10,000  square  miles  of  area. 

of  thunderstorms  is  highest,  yet  the  average  number 
why  aver-  of  deaths  f  rom  lightning  strokes  is  low,  being  only 
ofdeaTsbjOne,  while  in  the  New  England  and  adjoining  States, 
ma^m18  where  there  are  probably  only  half  as  many  thunder- 
ian7  state*  storms,  the  death  rate  is  higher.  This  is,  of  course, 
Florida,     due  to  the  fact  that  there  are  a  greater  number  of 

large  cities  in  these  States  than  in  the  Gulf  States. 


As  a  rule,  it  appears  that  the  liability  to  be  struck 
by  lightning  is  greater  in  the  country  than  it  is  in 
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the  city.     This  is,  probably,  due  to  the  fact  that  in 
the  city  the  modern  building,  with  its  steel  f  rame  Liability  to 
and  metallic  roof,  is  a  far  better  conductor  of  elec-a5S£infir 
tricity  than  the  ordinary  wooden  or  stone  house  of  S^Sintry 
the  country.     Then,  too,  the  great  number  of  over-  SJ£  m  the 
head  wires  for  telegraphic,  telephonic,  or  electric 
light  and  power  transmission,  afford  protection  by 
acting  as  lightning  guards  or  protectors. 

The  possibility  of.  protecting  people  and  houses 
from  the  destructive  effects  of  lightning  strokes 
suggested  itself  to  Franklin's  practical  mind,  as  soon  i^SSo"8 
as  he  had  demonstrated  the  identity  of  lightning  lightning 
flashes  and  electricity  by  his  famous  kite  experi- 
ment in  1752.     Noting  the  readiness  with  which  a 
pointed  conductor  is  deprived  of  its  charge  by  means 
of  convective  discharges,  he  conceived  the  idea  of 
protecting  buildings  by  erecting  on  one  of  the  out- 
side walls  a  conducting  rod  of  such  material  and  area 
of  cross-section  as  would  be  able  to  permit  it  to 
safely  carry  to  the  earth  the  most  powerful  light- 
ning stroke  that  was  apt  to  occur  in  that  particular 
latitude.     He  gave  instructions  for  such  a  conduc- 
tor, that  it  should  terminate  at  its  upper  extremity  Fnmjdin»s 
with  one  or  more  points,  and  that  its  lower  extremity  jJUyg0- 
should  extend  downward  until  it  met  permanently  and  ioca- 
moist  earth,  possessing  good  powers  of  electric  con-  lightning 
duction.     The  similarity  of  structure  between  this 
first  lightning  rod,  and  the  best  of  those  devised  at 
the  present  time,  speaks  highly  of  the  mastery  which 
Franklin  had  gained  over  this  most  difficult  subject 
at  so  early  a  date  as  1752. 

It  is  unfortunately  a  well-known  fact  that,  at 
times,  no  matter  how  carefully  a  lightning  rod  has 
been  constructed  and  erected,  there  occasionally  oc- 
cur, and  very  fortunately  only  occasionally,  flashes 
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between  the  sky  and  the  rod  that  are  so  great  that 
J^EJSIt  the  rod  is  unable  to  afford  protection  and  that  for  the 
proSS  purposes  of  such  particular  strokes  a  lightning  rod  is 
<£  wiiS  absolutely  worthless.  Such  facts  have  even  given 
j32e37  rise  to  the  idea  that  all  lightning  rods  are  worth- 
less, an  idea  that  is  unquestionably  both  untenable 
and  unscientific. 

It  will  be  a  matter  of  interest  to  inquire  more 
Lightning  carefully  into  the  exact  nature  of  those  rare  light- 
Sou?  "di-at  n*nS   discharges   that   occur   now   and   then,   and 
Sing rSisln  against  which  the  lightning  rod  is  unable  to  afford 
contempt,   protection,  no  matter  how  carefully  made.     At  the 
outset  of  such  a  question  it  would  be  well  to  frankly 
acknowledge  that  much  yet  remains  to  be  discovered 
concerning  the  exact  nature  of  these,  fortunately, 
rare  lightning  discharges,  although,  indeed,  many 
of  their  peculiarities  are  now  fairly  well  known. 

Lodge  arranges  all  lightning  discharges  that  oc- 
cur between  earth  and  sky  into  two  classes;  viz., 
Lodges     steady-strain  discharges,   where  the  strain  in  the 
tiSfo^0*"    dielectric  nearer  the  earth  has  been  gradually  in- 
tltSS^    creased,  so  that  the  discharge  path  will  be  induc- 
tively   prepared;    and    impulsive-rush    discharges, 
where  the  strain  arises  so  suddenly  that  no  time 
is  permitted  for  a  prearranged  path. 

Lightning  flashes  are  by  no  means  as  simple  a 
matter  as  many  are  apt  to  believe.  In  the  first 
IteS^es  n<?t  place,  although  of  very  short  duration,  they  are, 
S2?11  ""*"  nevertheless,  not  instantaneous,  but  persist  for  some 
small  fraction  of  a  second,  possibly  something  in 
the  neighborhood  of  TroNrra  of  a  second  or  there- 
about. The  belief  as  to  the  instantaneousness  of 
the  flash  has,  probably,  arisen  from  the  fact  that, 
if  a  disk  of  cardboard,  whose  surface  is  covered  with 
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alternations  of  white  and  black  sectors,  be  rotated 
so  rapidly  that  the  eye  is  unable  to  detect  any  dif- 
ferences in  the  coloration,  the  entire  surface  appear- 
ing of  a  uniform  gray  tint,  such  a  disk,  when  illu- 
mined by  a  lightning  flash,  will  show  its  true  colors, 
and  will  appear  to  be  standing  still,  no  matter  how 
rapidly  it  has  been  rotating.     This  does  not,  how- 
ever, prove  that  the  flash  is  instantaneous,  but  only 
that  its  duration  is  exceedingly  small  when  com- 
pared with  the  rate  at  which  the  disk  is  turning. 
In  the  next  place,  people  are  apt  to  deceive  them- 
selves as  to  their  ability  to  determine  the  direction 
in  which  a  lightning  flash  is  passing.     It  appears 
to  them  that  they  can,  at  times,  see  the  flash  start coraSSoi 
from  the  clouds  to  the  earth,  and  that,  at  other  LJUSatT01 
times,  they  can  see  it  rise  from  the  earth  and  dis- that  rapidly 
charge  into  a  neighboring  cloud.     In  point  of  fact,  fl^wT?*  °* 
this  is  an  optical  illusion,  caused  by  the  unequal  SSeSon. 
sensitiveness  of  the  eye  to  light  received  at  dif- 
ferent portions  of  the  optically  sensitive  portion  of 
the  eye,  called  the  retina.     In  most  lightning  flashes 
the  electrical  discharge  passes  a  number  of  times 
successively  between  the  earth  and  the  sky. 

A  lightning  flash,  like  the  discharge  of  a  Leyden 
jar,  is  oscillatory.  It  is  not  all  over  at  one  dis- o*matory 
charge,  but  consists  of  a  number  of  exceedingly  jjgjff1""* 
brief  discharges  separated  from  each  other  by  very 
small  intervals  of  time.  These  successive  discharges 
move  alternately  in  opposite  directions  until  all  the 
energy  of  the  discharge  is  dissipated.  In  the  case 
of  the  Leyden-jar  discharge,  these  alternations  oc- 
cur at  a  rate  of  millions  per  second.  In  the  case  of 
lightning  discharges  they  are  less  frequent,  and, 
probably  occur  at  the  rate  of  some  300,000  per 
second.  In  both  the  case  of  the  Leyden-jar  dis- 
charges and  the  lightning  flashes  the  discharge  con- 

Vol.  I.-9 


178  ELECTRICITY   IN  EVERY-DAY  LIFE 

tinues  until  all  the  energy  has  been  dissipated,  and 

this  can  only  be  done  by  the  discharge  overcoming 

some  electric  resistance  placed  in  its  path.     If  this 

f£i££L   conducting  path  is  a  good  one,  the  discharge  does 

oncharacter  not  take  piace  jn  a  single  direction  only,  but  causes 

charge.      an  osciHation,  or  surging  of  electricity  to-and-fro, 

which  continues  until  the  flash  has  spent  all  its 

energy. 

As  we  have  already  seen,  the  ability  of  a  con- 
ductor, such  as  an  ordinary  wire,  to  carry  off  an 
conducting  electric  charge,  increases  with  the  increase  in  its 
EghiSiing  diameter,  or  with  the  area  of  its  cross-section.  It 
would  seem,  therefore,  that  the  thicker  the  light- 
ning rod,  and  the  greater  the  area  of  its  cross-sec- 
tion, the  better  would  be  its  conducting  power,  and, 
consequently,  the  greater  its  ability  to  act  properly 
as  a  lightning  rod.  This  is  undoubtedly  true  for 
all  ste&dy-strain  discharges,  but  it  is  not  true  for 
impulsive-rush  discharges. 

The  recent  marked  increase  in  the  use  of  alter- 
nating electric  currents,  has  resulted  from  our  bet- 
ter knowledge  of  their  peculiarities  and  the  many 
advantages  advantages  they  possess  for  every-day  work.     It  is 
lightning    well  known  that  when  an  electric  current  starts  in  a 

conductors,  _ 

and  strand-  conductor  it  does  not  at  first  pass  equally  through 

cd  or  taped  a  •  «  *        •  i 

conductors,  all  parts  of  its  cross-section,  but  begins  at  the  out- 
side and  then  gradually  passes  to  the  interior.  Now, 
in  the  case  of  very  rapidly  alternating  currents,  the 
electricity  may  change  its  direction  so  often  that 
it  will  not  be  able  to  penetrate  the  mass  of  the  con- 
ductor, but  will  be  limited  to  its  outside  portions. 
The  question,  therefore,  arises  whether  it  is  better 
to  make  the  lightning  rods  of  solid  conductors  or 
of  stranded  conductors  formed  by  placing  together 
a  number  of  metallic  tapes  or  ribbons. 
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Curiously  enough,  long  before  this  tendency  of 
alternating  discharges  to  be  limited  to  the  outer  sur- 
faces of  solid  conductors  was  discovered,  the  same 
question  arose  as  to  the  relative  merits  of  solid  and 
stranded  lightning  rods.  The  first  time,  however,  k 
came  from  the  well-known  fact  that  it  is  the  outer 
surfaces  of  a  conductor  that  determine  the  value  of 
the  electric  charge,  and  that  their  solid  volume  has 
nothing  to  do  with  the  case,  except,  of  course,  to  the 
extent  that  it  determines  the  value  of  the  outer  sur- 
faces. This  early  scientific  controversy  had  the 
great  Faraday  on  one  side,  and  Harris,  the  well- 
known  electrician,  on  the  other.  Faraday  claimed  £d  Harris 
that  the  solid  volume  of  a  conductor  had  everything,  ■traded*^ 
and  the  superficial  area  nothing,  to  do  with  the  effi-  SE^rSfs!1" 
dent  action  of  a  lightning  rod.  Harris  contended 
that  the  surface  area  of  the  rod  was  the  only  impor- 
tant consideration,  and  that  the  solid  volume  had 
nothing  whatever  to  do  with  its  action.  This  con- 
troversy waged  for  a  long  time  without  being  defi- 
nitely settled.  In  the  opinion  of  many,  indeed,  it 
is  not  even  yet  definitely  settled,  although  it  is  now 
generally  conceded,  by  those  who  have  carefully 
studied  the  matter,  that  a  stranded  lightning  con- 
ductor possesses  great  advantages  over  a  solid  con- 
ductor in  all  cases  where  the  effects  of  the  impulsive 
rush  lightning  discharge  are  concerned. 

Lodge,  whom  we  have  already  quoted  as  a  great 
authority  on  lightning  protection,  in  discussing  the 
reasons  why  lightning  conductors  fail  to  act  under 
certain  circumstances,  says: 

"We  have  thus  mentioned  two  causes  of  obstruc- Lodge  on 
tion  met  with  by  rapidly  oscillating  currents  trying uS'JStSS- 
to  traverse  a  metal  rod.     First,  there  is  the  direct  Siure  of 
inertia-like  effect  of  self-induction  (the  tendency  of  ISSfto1* 
an  electric  discharge  to  produce  other  electric  dis-protect 
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charges  by  induction,  either  on  the  same  conductor 
as  that  in  which  the  inducing  charge  is  taking  place, 
or  in  neighboring  conductors)  to  be  added  to  the 
resistance  proper ;  the  resulting  quantity  being  called 
by   Mr.    Heaviside   'impedance/   to  distinguish   it 
from  resistance  proper.    (The  impedance  of  a  con- 
ductor is  the  resistance  it  offers  to  rapidly  alter- 
Distinoion  nating  discharges.      This   resistance   is   due  to  a 
dectScre-  combination  of  the  true  electric  resistance  of  the 
SmpeduiSfe  conductor  and  an  apparent  resistance  due  to  the  in- 
ductive action  produced  by  the  discharge  on  its  own 
conducting  path.)     For  there  is  a  very  clear  dis- 
tinction between  them:  resistance  proper  dissipates 
the  energy  of  a  current  into  heat,  according  to 
Joule's  law;  impedance  obstructs  the  current,  but 
does  not  dissipate  energy.     (Joule's  law  refers  to 
the  fact  that  the  quantity  of  heat  produced  by  an 
electric  discharge  is  proportional  to  the  electric  re- 
sistance of  the  conductor  through  which  the  dis- 
charge is  passing,  multiplied  by  the  square  of  the 
current's  strength.)     Impedance  causes  tendency  to 
side-flash,  resistance  causes  a  conductor  to  heat  and 
perhaps  to  melt.     The  greater  the  resistance  of  a 
conductor,  the  more  quickly  will  the  energy  of  a 
discharge  be  dissipated,  its  oscillations  being  rap- 
idly damped ;  the  greater  the  impedance  of  a  conduc- 
tor, the  less  able  is  it  to  carry  off  a  flash,  and  neigh- 
boring semi-conductors  are  accordingly  exposed  to 
the  more  danger.     Resistance  is  analogous  to  fric- 
£2ertioM  ^on  *n  machinery ;  impedance  is  analogous  to  freely 
si^tanci'and  suspended  massive  obstruction,  in  addition  to  what- 
j^^ro .ever  friction  there  may  be.     To  slowly  changing 
ing  factors,  f orces  f riction  is  practically  the  sole  obstruction ;  to 
rapidly  alternating  forces  inertia  may  constitute  by 
far  the  greater  part  of  the  total  obstruction:  so 
much  the  greater  part  that   friction  need  hardly 
matter." 
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In  the  ?bove  quotation  Lodge  refers  to  the  effect 
of  impedance  in  producing  a  tendency  of  the  dis- 
charge to  "side-flash/'  that  is,  to  take  some  other 
path  than  that  offered  by  the  conductor.     This  ten-  *  S2£.ena 
dency  to  side-flash  occurs  in  paths  whose  ordinary  {^£1^ 
electric  resistance  is  enormously  higher  than  thatdwcbar*es* 
offered  by  the  conductor.     It  can  be  shown  that  in 
conductors  having  the  form  of  strands,  tapes,  or  rib- 
bons, the  tendency  to  side-flash  is  much  less  than  in 
the  case  of  solid  conductors.     This  is  owing  to  the 
extended  surface  which  stranded  conductors  offer 
to  discharges  endeavoring  to  suddenly  enter  them 
from  the  outside. 

The  tendency  of  lightning  rods  to  side-flash  when 
impulsive  discharges  are  passing  through  them,  a 
tendency  which  has  only  been  known  to  exist  since 
a  comparatively  recent  date,  has  rendered  it  neces- **«*■«£ 
sary  to  modify  some  of  the  ideas  and  practices  con-  in* »«« 
cerning  lightning  rods  that  have  existed  since  theiisntning- 
time  of  Franklin  up  to  a  comparatively  recent  date,  tion. 
say   1888.     These  differences  we  have  condensed 
from  a  reprint  in  the  "Electrical  Engineer"  of  a 
sketch  by  Lodge  as  to  a  public  discussion  on  the 
subject  of  lightning-rod  protection  that  took  place 
at  the  meeting  of  the  British  Association  in  Bath  in 
1888.     Our  space  necessitates  considerable  conden- 
sation. 

( 1.)  It  is  not  true  that  properly  constructed  light- 
ning rods  never  fail  to  protect  the  buildings  on  which  Lightning 
they  are  placed.  They  do  fail  at  times,  even  when™v|°wl 
the  earth  is  good  and  the  rod  is  properly  erected, 
because  they  offer  an  impedance  or  resistance  to  im- 
pulsive discharges  much  greater  than  is  generally 
believed. 
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(2.)  Leyden-jar  discharges  are  oscillatory  in  char- 

252S2F7  acter.     The  jar  is  like  a  bent  spring.     Its  discharge 

Jj2jjarg{£  alternates  or  moves  to-and-f ro  in  the  same  way,  and 

to  a  great  extent  for  the  same  reason  that  the 

spring  vibrates  when  bent  and  suddenly  released. 

(3.)  Lightning  flashes,  like  Leyden-jar  discharges, 
may  be  oscillatory,  but  if  the  resistance  met  with  in 
the  path  of  the  discharge  is  sufficiently  great,  the  dis- 
^eflM^i  charge  may  cease  to  be  oscillatory,  and  take  the  form 
oaci  latory.  Q£  a  steacjy  drain  or  leak,  a  form  which  the  old  con- 
struction of  lightning  rods  are  capable  of  taking  care 
of ;  but  some  discharges  are  impulsive,  and  these  are 
oscillatory  and  dangerous. 

(4.)  Although  conductivity  in  a  lightning  rod  is 
Resistance  necessary,  yet  it  is  of  far  less  consequence  than  might 
fmportanc?  be  expected.    An  oscillatory  discharge  sets  up  an  im- 
pedance',    pedance  that  results  in  a  very  much  greater  oppo- 
sition to  its  discharge  than  is  caused  by  any  ordinary 
electric  resistance.     A  good  and  deep  earth  is  ad- 
visable, however,  so  as  to  protect  the  gas  and  water 
mains. 

(5.)  The  obstruction  to  the  discharge  may  be  so 
great  that  side-flashing  may  occur  at  any  time. 
Therefore,  the  neighborhood  of  lightning  conduc- 
tors is  dangerous  during  storms,  and  great  care 
care  neces-  should  be  taken  as  to  what  conductors  are  purposely 

sary  as  to  . 

d°woniare  or  accidentally  brought  near  or  into  contact  with  a 
connected  lightning  rod.  When  a  building  is  struck  electric 
ningrods.   surgings  occur  in  the  neighborhood,  so  that  every 

piece  of  metal  is  liable  to  give  off  sparks  that  may 

ignite  gas  jets,  and  so  cause  fires. 

(6.)  A  stranded  conductor,  composed  of  a  number 
of  separate  pieces  of  ribbon  or  tape,  is  better  than 
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a  solid  conductor.     Each  of  the  separate  strands,  Slrand€d 
however,  should  be  thick  enough  not  to  be  melted  by  S^ 
the  discharge,  since,  otherwise,  much  damage  mayESuS?" 
occur. 

(7.)  Points  are  valuable  in  serving  to  permit  con- 
vecrive  discharges  to  neutralize  the  discharge  of  theP°jo» 
clouds.     Circumstances,  however,  may  arise  when  «io»i>ie. 
points  are  of  no  avail,  as  in  the  case  of  impulsive 
rushes. 


Pig.  6,.— Chimney  Struck  by  Lightning  Stroke.  Note  the  feet  that  the 
upper  portion  has  received  nearly  ill  the  destructive  energy  of  the  Hroke,  thu* 
indicating  its  sudden  action. 

(8.)  The  ordinary  tests  of  lightning  rods  by  small  r™  tor 
voltaic  batteries,  so  as  to  show  that  the  electric  resis-reSSance 
tance  is  complete,  possess  but  little  value  latahm 

{9.)  Properly  speaking,  lightning  rods  can  be  said  no  definite 
to  afford  no  definitely  limited  area  of  protection,  protection 
since,  at  times,  such  violent  electric  surgings  may  rod"."1"1  b7 
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occur  as  to  cause  damage  within  areas  that  the  rod 
is  generally  aWe  to  protect. 

The  damages  produced  by  lighcning  strokes  arise 
generally  either  from  the  explosive  or  heating  ef- 
fects. The  explosive  effects  have  already  been  re- 
ferred to  in  discussing  the  mechanical  effects  pro- 
duced by  disruptive  electric  discharges.  Lightning 
discharges  often  shatter  large  trees  in  a  very  remark- 
able manner.  Cases  are  on  record  in  which  large 
oak  trees  have  been  shattered  at  a  certain  portion  of 
the  tree  only,  the  entire  force  of  the  flash  appearing 
to  have  been  expended  in  quite  a  limited  area.  In 
other  cases  the  entire  tree  is  broken  into  fragments. 

The  effects  produced  by  a  discharge  which  struck 
a  tall  chimney  in  Germany  are  shown  in  Fig.  64. 
Here  again  the  explosive  effects  were  local  in  char- 
acter, being  for  the  greater  part  limited  to  the  top  of 
the  chimney. 

The  thunder  accompanying  lightning  flashes  is 

generally  explained  as  due  to  the  sudden  expansion  of 

the  air  through  the  heating  effects  of  the  discharge, 

tionasto    and  the  subsequent  rushing:  of  the  surrounding  air 

cause  of        .  .    *  ° 

thunder,  into  the  partial  vacuum  thus  produced.  The  extent 
of  this  vacuum  is,  probably,  increased  by  the  sudden 
formation  of  douds  of  highly  expanded  steam  or 
vapor,  produced  by  the  vaporization  of  rain  drops 
through  which  the  discharge  passes ;  or  possibly  from 
the  atomic  decomposition  of  matter.  Since  light- 
ning flashes  are  sometimes  several  miles  in  length, 
the  sounds  produced  at  different  portions  of  the  path 
of  the  discharge,  reaching  the  observer  at  differ- 
ent times,  together  with  the  reflection  of  these 
sounds  from  distant  clouds,  produce  the  rattling 
and    rolling   sound   so   characteristic   of   thunder. 
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The    thunder    crash    instantly    follows    the    light- 
ning flash.     If  the  discharge  occurs  at  a  distance  SSof8" 
from  an  observer,  the  interval  between  his  seeing  ^JE"* 
the  flash  and  hearing  the  thunder  will  afford  aSSft* 
ready  means  for  estimating  how  far  from  him  the"*-"- 
flash  occurred;  for,  since  sound  travels  through  air 
at  ordinary  temperatures  at  about  the  rate  of  1,115 
feet  in  each  second,  it  is  only  necessary  to  multiply 
1,115  by  the  number  of  seconds  which  elapse  be- 
tween seeing  the  flash  and  hearing  the  sound  in  order 
to  determine  the  distance  of  the  flash  in  feet.     It 
must  be  acknowledged  that  the  explanations  gener-insuffi- 
ally  given  both  as  to  the  cause  of  the  thunder,  which  common, 
instantly  follows  the  lightning  flashes,  as  well  as  the  Sto*!* 221 
manner  in  which  lightning  discharges  produce  their  uve^ffecti, 
mechanical  effects,  are  far  from  satisfactory.     Al- 
though the  sudden  expansion  of  vapor  in  the  mass 
of  the  non-conductor,  or  partial  conductor,  is,  j>er- 
haps,  the  correct  explanation,  it  would  seem  by  no 
means  clear  as  to  what  is  the  exact  nature  or  compo- 
sition of  this  vapor. 

There  are  many  cases  on  record  where  the  amount 
of  energy  liberated  by  a  lightning  stroke  is  so  great, 
and  the  suddenness  with  which  it  produces  its  de- 
structive effects  so  marked,  that  the  explosive  expan-  Powible 
sion  of  the  vapor  of  water,  or,  indeed,  of  the  vapor  IJgJJJg 
of  any  ordinary  form  of  matter,  with  which  we  are  of  energy 

J  ■'  on  recom- 

acquainted,   appears   to  be  insufficient  to   account  ^inati°° «{ 
either  for  the  violence  of  the  effects,  or  for  the  lim-  ato=»c 

matter. 

ited  area  in  which  such  effects  occur.  It  would  seem 
that  the  presence  of  some  entirely  different  form  of 
matter,  other  than  any  with  which  we  are  familiar, 
is  necessary.  We  venture  to  express  the  opinion  that 
such  a  form  of  matter  might  be  found  in  a  mass  of 
fragmental  atomic  matter,  such  as  we  have  alluded 
to  in  connection  with  the  possible  explanation  of 
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globular  lightning.  According  to  this  hypothesis, 
the  lightning  stroke  suddenly  expends  a  considerable 
proportion  of  its  energy  in  disassociating  a  small 
quantity  of  ordinary  atomic  matter.  There  is  thus 
formed  a  small  mass  of  highly  heated  vaporized 
matter,  the  potential  energy  of  which  must  neces- 
sarily be  very  great.  This  matter  is  prevented  from 
again  immediately  re-combining,  both  by  reason  of 
its  high  temperature,  and  also,  possibly,  by  the  pres- 
ence of  a  peculiar  electric  charge.  When,  however, 
both  by  loss  of  temperature,  and  the  dissipation  of 
the  charge,  the  matter  is  permitted  suddenly  to  re- 
combine  into  ordinary  matter,  the  liberation  in  a 
limited  space  of  an  enormous  amount  of  energy 
would  appear  to  be  sufficient  to  account  for  the 
phenomena. 

Some  people  are  peculiarly  sensitive  to  lightning 

flashes,  and  suffer  no  little  from  mental  depression 

toEearthl  during  their  occurrence.     This  suffering,  due  to  a 

!><£?,  doi't  highly  sensitive  nervous  system,  is  real,  and,  to  a 

worry"       certain  extent,  is  practically  beyond  their  control.     It 

will  be  well  for  such  people,  and,  indeed,  every  one, 

to  remember  that  lightning  flashes  are  immediately 

followed  by  the  peal  of  thunder,  the  interval  which 

•frequently  exists  between  the  two  occurrences  being 

due  to  the  great  distance  of  the  place  struck.     If, 

therefore,  one  lives  to  hear  the  thunder,  no  danger 

can  possibly  come  from  such  a  flash,  since  it  is  all 

over  by  the  time  the  thunder  is  heard. 

Death  by        Death  by  lightning  flash  is  generally  instantaneous. 

iJSSSSSc  Numerous  instances  are  on  record  where  people  have 
been  killed  so  instantaneously  that  their  bodies  con- 
tinued to  occupy  the  exact  positions  they  had  in  life^ 
so  that  people  passing  believed  them  to  be  still  alive. 


OU8. 
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It  has  been  remarked  that  in  cases  of  death  by 
lightning  stroke  a  putrefaction  of  the  body  takes  S^^ 
place  much  more  rapidly  than  in  cases  of  ordinary  f4hto&by 
death. 


In  many  cases  of  lightning  stroke  death  is  only  ap- 
parent.    In  all  such  cases,  and  even  though  the  per-  J^gtdng 
son  struck  appears  to  be  dead  beyond  any  reasonable  Sg^Joiy 
doubt,  yet  he  or  she  should  be  given  the  benefit  of  the  aPParcnt- 
doubt,  and  an  intelligent  endeavor  made  to  restore 
consciousness.     In  very  many  cases  the  existence 
of  death  is  apparently  so  complete  as  to  deceive  even 
experienced  physicians ;  therefore,  every  effort  should 
be  made  and  persisted  in  for  at  least  an  hour's  time, 
to  stimulate  both  the  breathing  and  the  circulation 
of  the  blood.     While  making  these  efforts  the  body 
of  the  patient  should  be  kept  warm  by  hot  flannels,  fom£5. 
hot  water,  hot  stones,  or  warm  clothing  taken  fromSSSoSP 
the  bodies  of  surrounding  people.     Persistent  efforts SSSfrom 
should  be  made  to  force  the  blood  from  the  lower  ex- hghtxdng- 
tremities  to  the  heart  and  head  by  rubbing  the  limbs 
upward.    At  the  same  time,  while  doing  this,  if  pos- 
sible, do  not  fail  to  send  for  a  physician. 

It  is  sometimes  noticed,  in  the  case  of  lightning 
strokes,  that  branched  markings  are  found  on  theJJffi^Jy 
surface  of  the  body.     These  have  often  been  mis- *"**■• 
taken  for  photographs  of  trees,  etc.  They  are  merely 
due  to  over-filled  blood  vessels,  connected  with  the 
capillary  system,  near  the  surface  of  the  skin. 

When  a  lightning  flash  strikes  a  sandy  soil  it  fuses 
or  melts  it  to  glass  in  its  path.  The  melted  glass,  sub-  Fulgurites, 
sequently  solidifying,  marks  the  path  or  the  track  of  £jj£ltnln« 
the  discharge  in  the  shape  of  a  branched  tube  of 
solidified  material.     Such  tubes  are  called  fulgurites, 
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or  lightning  tubes.     An  example  of  such  a  tube  is 
shown  in  Fig.  65. 

All  the  effects  produced  by  disruptive  electric  dis- 

tH^ts  pro-  charges  are,  of  course,  produced  by  lightning  flashes. 

inning    The  mechanical  effects  are  especially  noticeable  in 

"""      the  tearing  and  breaking  of  partially  conducting 


Chemical 


substances  into  fragments,  but  at  times  exceedingly 
heavy  objects  are  thrown  into  the  air  for  consider- 
able distances. 

The  chemical  effects  produced  by  the  paesage  of 
the  flash  through  the  air  are  noticed  either  in  the  pro- 
duction of  ozone,  or  in  the  formation  of  nitric  acid. 
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The  magnetic  effects  produced  by  the  lightning 
discharge  are  seen  not  only  in  the  demagnetization  Magnetic 
of  compass  needles,  or  in  the  change  or  reversal  of  ***** 
their  polarity,  but  also  in  an  equally  serious  effect 
resulting  from  the  magnetization  of  parts  of  the 
chronometers,  or  accurate  timepieces  employed  by 
navigators.  This  magnetization  produces  accelera- 
tion or  retardation  of  the  balance  wheel,  thus  making 
the  clock  go  faster  or  slower.  There  may  thus  re- 
sult dangerous  errors  in  the  determination  of  the 
longitude  of  the  ship. 

The  luminous  effects  of  the  discharge  are  seen  in 
the  light  of  the  flash,  which  is  generally  of  a  bright  Luminous 
white  color,  due  to  the  intense  incandescence  of  the 
air  by  the  heat  of  the  discharge.  At  times  the  color 
of  the  lightning  flash  is  a  violet  or  bluish  purple, 
due,  most  probably,  to  the  passage  of  the  discharge 
through  rare  air.  On  rare  occasions  lightning  strokes 
of  a  green  color  have  been  seen. 

The  physiological  effects  are  seen  in  the  convul- 
sive muscular  movements  of  living  or  even  of  re-io^2af 
cently  killed  animals,  or  in  their  permanent  injury  or    cct8, 
death. 

The  heating  effects  are  seen  in  the  ignition  of  in- 
flammable materials,  so  common  during  lightning  SSS* 
flashes,  as  well  as  by  the  volatilization  of  metallic 
bodies. 

Since  a  charged  cloud  approaching  the  earth  will 
discharge  itself  in  a  lightning  flash,  as  soon  as  it  has  Liability  of 
produced,  by  induction  in  neighboring  bodies  on  the  to  lightning 
earth,  a  sufficiently  powerful  opposite  charge  to  break 
down  or  pierce  the  intervening  dielectric,  it  is  clear 
that  tall  objects  on  the  earth  are  more  apt  to  be  struck 
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by  lightning  flashes  than  objects  situated  directly  on 
the  surface.  A  ship  at  sea,  therefore,  being  by  far 
the  tallest  object  for,  probably,  many  miles  around, 
is  exceedingly  apt  to  suffer  from  lightning,  especially 
in  tropical  climates  where  lightning  flashes  are  both 
frequent  and  powerful. 

The  credit  for  devising  the  proper  system  of 
lightning  rods  for  the  electrical  protection  of  ships 
his7y«cm  is  due  to  an  English  electrician  named  William 
Singrois  Snow  Harris,  who,  after  nearly  twenty-five  years 
or  s  ips.  oj  unceasing  labor,  and  in  face  of  the  strongest 
popular  opposition,  at  length  succeeded  in  introduc- 
ing a  proper  system  of  lightning  rods  into  the  ships 
of  the  English  navy.  Prior  to  Harris'  time  some 
effort  had  been  made  to  protect  ships  by  lightning 
rods,  but  this  had  been  done  so  clumsily  that  the  ships 
so  equipped  were,  probably,  worse  off  than  if  they 
had  no  lightning  rods  whatever.  These  early  rods 
were  attached  to  the  masts  of  the  vessel,  often  only 
to  a  single  mast,  and  the  rod  was  carefully  kept 
from  all  masses  of  metal  in  the  ship,  and  passed  down 
into  the  water  from  the  end  of  the  bowsprit. 

Harris  pointed  out  the  necessity  for  ensuring  good 
electric  connection  between  the  masts  and  the  copper 
Harris       sheathing  on  the  bottom  of  the  ship,  thus  uniting,  in 
filahtoini§   one  great  chain,  the  conductors  on  the  masts,  the 
rodson       metallic  bodies  in  the  hold,  and  the  general  surface 
of  the  sea,  so  that  when  a  bolt  struck  a  ship  so  pro- 
tected it  would  find  comparatively  easy  access  to  the 
water,  which  in  this  case  constituted  the  ground  or 
earth.     Harris  even  recommended  the  connecting  of 
the  rods  to  the  metallic  covers  on  the  outside  of  the 
powder    magazines.      All    these    recommendations 
caused  Harris  to  be  regarded  as  a  most  dangerous 
innovator,  and  the  strongest  kind  of  popular  efforts 
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were  made  against  the  adoption  of  his  system.  How- 
ever, when,  after  a  long  and  tedious  effort,  it  was 
adopted,  the  fact  gradually  dawned  on  the  mind  of 
the  English  people  that  ships  protected  by  Harris' 
system  of  lightning  rods  were  practically  never 
struck  by  lightning,  while  others  were  frequently 
struck.  Public  opinion  then  promptly  changed,  and 
Harris  was  heralded  as  a  great  benefactor.  So 
thoroughly  were  the  services  of  Harris  finally  ap- 
preciated by  the  English  Government  that  in  1847  ££f 
he  was  accorded  the  honor  of  knighthood,  and  isHarS. 
now  generally  known  in  science  as  Sir  William 
Snow  Harris. 


Knight- 
ac- 
corded to 
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CHAPTER    X 

SOME  OTHER  SOURCES  OF  ELECTRICITY  OF  HIGH 

ELECTRO-MOTIVE   FORCE 


Electric 
sources  of 
E.M.F.'s. 


Electric 

charges 

produced 

by  tearing, 

crushing, 

etc. 


"From  a  healthy  specimen"  (of  the  Silurus  Electricus), 
"exhibited  in  London,  visible  sparks  were  drawn  in  a  dark- 
ened room." — Sir  John  Leslie 

THERE  are  a  great  variety  of  electrical  sources, 
or  means  by  which  electro-motive  forces 
may  be  produced.  No  matter  how  feeble 
these  E.M.F.'s  may  be,  yet  they  can,  by  suitable 
means,  be  changed  or  converted  into  high  E.M.F.'s. 
A  description  of  some  of  these  electric  sources  will 
be  given  further  on  in  this  book,  when  we  have  more 
thoroughly  discussed  the  principles  upon  which  their 
action  is  based.  It  will  be  advantageous  here,  how- 
ever, briefly  to  describe  some  sources  other  than 
rubbed  bodies,  by  means  of  which  high  E.M.F.'s 
may  be  directly  obtained. 

Nearly  all  purely  mechanical  actions  are  capable 
of  producing  electric  charges.  The  mere  crushing 
of  a  lump  of  sugar  will  be  attended,  in  the  dark,  by 
flashes  of  light,  that  are  due  to  minute  electrical 
charges  produced  during  the  actions  which  attend 
the  tearing,  crushing,  or  separating  of  the  particles 
of  sugar  from  one  another.  In  the  same  manner, 
during  cold,  dry  weather,  when  the  air  possesses 
good  insulating  powers,  if  the  linen  cover  of  a  paper 
collar  be  suddenly  torn  or  separated  from  its  paper 
backing,  electrical  charges  will  be  produced  that  can 
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readily  be  shown  on  an  ordinary  electrometer.     In- 
deed, under  favorable  conditions,  the  separate  parts 
may  possess  charges  sufficiently  great  to  attract  other 
bodies  toward  them.     In  a  similar  manner,  certain 
mineral  substances  possessing  the  power  of  cleavage,  cleavage 
that  is,  of  breaking  or  separating  more  readily  infESte"* 
some  directions  than  in  others,  and  thus  readily chargcs> 
breaking  into  sheets  or  laminae,  are  sufficiently  elec- 
trified by  the  act  of  so  breaking  or  separating  them 
as  to  produce  minute  sparks  visible  in  the  dark.     An 
example  of  this  is  seen  by  suddenly  cleaving  or  tear- 
ing sheets  of  mica  apart. 

The   crystallization    and    solidification    of   some 
substances  also  result  in  the  production  of  electric 
charges ;  for  example,  it  has  often  been  noticed  that  Electric 
when  a  fused  solid  solidifies  the  mass  possesses,  on  ^Sd 
cooling,  a  well-marked  electric  charge.     This  maySiSjnSd*" 
be  shown  by  the  following  experiment :  melt  a  small  SJn  of0*" 
quantity  of  sulphur  or  brimstone  and  pour  the  mol-  SlEwS* 
ten  mass  into  a  small  glass  vessel,  larger  at  the  top8oUd*' 
than  at  the  bottom,  so  as  to  render  it  easy  to  remove 
the  mass  when  solidified  by  cooling.     A  small  wine 
glass  answers  well  for  this  purpose.     Before  the 
mass  is  cooled,  insert  a  glass  rod  into  it,  so  as  to 
serve  as  an  insulating  handle.     After  cooling,  the 
solid  mass,  if  withdrawn  from  the  glass  by  the  in- 
sulating handle,  will  manifest  an  electric  charge. 

In  a  similar  manner  chocolate,  in  passing  from 
the  fused  to  the  solid  condition,  likewise  manifests  Luminous 
an  electric  charge.     Sometimes  the  crystallization  of  caused  by 
certain  solids,  such  as  arsenic  acid,  is  attended  by  a  tko. 
flash  of  light,  which  is,  probably,  due  to  electrifica- 
tion. 

The  mere  contact  of  unlike  metallic  substances, 
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Electric 
charges 
produced 
by  contact. 


such,  for  example,  as  copper  and  zinc,  is  capable 
of  producing,  as  Volta  has  shown,  feeble  electric 
charges ;  for  example :  a  disk  of  copper  and  a  disk  of 
zinc,  mounted  on  insulating  handles,  when  brought 
together  in  the  air,  and  afterward  separated,  will 
be  found  to  be  feebly  but  oppositely  charged.  These 
charges  are  so  small  that  they  require  the  employ- 
ment of  a  highly  sensitive  form  of  electroscope  to 
detect  them.  They  will  be  carefully  studied  under 
the  head  of  the  Voltaic  cell,  where  they  properly  be- 
long. But,  apart  from  such  experiments,  it  would 
appear  that,  even  in  all  cases  of  the  production  of 
electricity  by  friction,  the  mere  contact  of  the  sur- 
faces has  much  to  do  with  the  production  of  electri- 
fication. 


causing 
electric 
charges. 


Action  of 
pressure 
and  heat. 


When  pressure  is  added  to  mere  contact  of  dis- 
similar surfaces,  the  manifestation  of  the  electric 
charge  is  in  many  cases  still  more  strongly  marked. 
The  mere  pressure  of  a  piece  of  cork  against  a  piece 
of  amber  produces  a  positive  electrification  in  the 
cork,  and  negative  electrification  in  the  amber.  The 
same  effects  are  produced  by  pressing  cork  against 
a  variety  of  other  substances,  both  conducting  and 
non-conducting,  such,  for  example,  as  gutta-percha 
and  metallic  substances.  The  mere  compression  of 
certain  crystalline  substances  by  the  warm  hand 
produces  electrification.  Among  such  substances 
may  be  mentioned  topaz,  fluorspar,  and  tourmaline, 
ft  is  possible  that  in  some  of  these  cases  the  electri- 
fication is  produced  by  a  difference  of  temperature, 
for  we  know  that  differences  of  temperature  will 
produce  electric  charges. 


Electric 
charges 
produced 
by  per- 
cussion. 


The  mere  percussion  of  certain  bodies  against  one 
another  often  produces  opposite  charges  in  them. 
Such  electrifications  may  be  due  both  to  the  effective 
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contact  or  friction  produced  by  such  blows,  or  they 
may  bedue  to  differencesof  temperature  so  produced. 
In  the  case  of  metallic  bodies  it  is  quite  possible  that 
the  charges  produced  by  friction  are  really  due  to 
differences  of  temperature,  and  can,  therefore,  be  re- 
garded as  thermo-electric  charges.  Such  charges 
produced  by  differences  of  temperature  will  be 
studied  under  the  head  of  thermo-electricity. 

• 
A  class  of  electrical  effects,  probably  caused  by  the 
combination  of  contact,  friction  and  percussion,  is  Luminous 
seen  when  mercury  is  allowed  to  fall  against  the^Si0 
sides  of  a  clean  glass  tube,  in  which  a  fairly  high  K^SS? in 
vacuum  has  been  maintained.    The  charges  so  pro-  £22^ 
duced  are  sufficiently  great  to  give  rise  to  flashes  of 
light  that  can  be  readily  seen  in  a  dark  room.     By 
causing  the  mercury  to  strike  against  the  glass  in 
harder  blows,  as  by  violently  shaking  the  tube,  the 
intensity  of  these  luminous  effects  will  be  increased. 
We  have  already  alluded  to  similar  effects  produced 
by  Hawkesbee  in  his  early  experiments  in  this  same 
direction.  After  Hawkesbee's  time  Cavendish,  Davy, 
and  many  others,  made  series  of  experiments  on  the 
production  of  electric  luminosity  in  this  manner. 
Not  only,  however,  does  the  electricity  produced  by 
the  movements  or  blows  of  mercury  against  glass 
walls  in  empty  spaces  produce  luminous  flashes,  but 
if  an  electric  discharge  is  passed  through  the  Tor-  Luminous 
ricellian  vacuum,  or  empty  space  above  the  mercury  ISSfnt*. 
in  a  tall  barometer  tube,  a  feeble  bluish  light,  char-  di£har*« 
acteristic  of  the  passage  of  the  discharge  through  To^ceuLn 
space  containing  traces  of  ordinary  atmospheric  air, 
will  be  produced. 

When  differences  of  temperature  are  produced  in 
certain  crystalline  bodies,  such,  for  example,  as 
crystals  of  tourmaline,  quartz,  or  sulphate  of  qui- 


vacuum. 
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nine,  electrical  charges  are  produced  at  opposite 
points  called  its  poles.  These  are  shown  in  the 
Fig.  66,  at  A  and  B.  A  common  ore  of  zinc  silicate 
has  been  called  electric  calamine,  on  account  of  its 
ability  to  produce  these  effects.  In  Fig.  66  is  shown 
a  pyro-electric  crystal  of  tourmaline.  The  pole  A 
will  acquire  a  positive  electrification,  and  the  pole  B 
a  negative  electrification  all  the  time  the  crystal  is 
growing  warmer.  While,  however,  the  crystal  is 
growing  cooler  opposite  electrifications  are  produced. 
The  existence  of  these  charges  can  be  shown  by  sus- 


Fk».  66.— Pyro-Blectric  Crystal  of  Tourmaline.  The  pole  At  which  mani- 
fests positive  electrification  while  the  temperature  of  the  crystal  is  rising,  is 
called  the  analogous  pole.  The  pole  B,  which  acquires  a  negative  charge 
while  the  temperature  of  the  crystal  Js  rising,  is  called  the  anulagous  pole. 


pending  a  heated  crystal  by  a  fibre  of  silk,  when  the 
crystal  will  be  attracted  or  repelled  by  the  approach 
of  another  electrified  crystal. 


The 
torpedo. 


A  curious  electrical  source  capable  of  producing 
high  electro-motive  forces  is  to  be  found  in  a  certain 
class  of  fishes.  The  ancients  were  aware  of  the  won- 
derful power  of  the  torpedo,  one  of  these  fishes, 
to  produce  a  benumbing  sensation  or  torpor.  They, 
therefore,  called  the  animal  the  torpedo,  the  be- 
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number.     They  were,  however,  unacquainted  with 
the  cause  of  the  sensations  thus  produced. 

The  torpedo,  or  the  raia  torpedo,  as  it  is  called 
by  scientific  men,  is  found  both  in  the  Mediterra-  Dacriptm, 
nean  and  North  Seaa.  It  is  a  species  of  flatfish,  °U%j"ia 
the  general  appearance  of  which  is  seen  in  Fig.  67. 
Here  a  portion  of  the  skin  has  been  removed  at 
B,  to  expose  the  electric  organs  shown  at  A.  A 
corresponding  set  of  organs  exist  on  the  right 
hand  side  of  the  fish  as  well  as  on  the  left.     Each 


electric  organ  is  about  five  inches  long  and  three 
inches  broad,  and  consists  of  numerous  six-sided,  or 
five-sided,  perpendicular  columns,  that  extend  from 
the  upper  to  the  lower  surface  of  the  body.  The 
torpedo  will  only  give  electrical  shocks  when  it  is 
irritated,  but  when  so  excited  can  give  a  long  series 
of  shocks,  which  follow  one  another  with  great 
rapidity. 

The  gymnotus,  or  electric  eel,  is  found  in  theT 
warmer  waters  of  America  and  Africa.  As  seen  in  jj; 
Fig.  68,  its  body  is  free  from  scales,  and  both  in  its  " 
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shape  and  general  appearance  it  bears  a  great  resem- 
blance to  the  ordinary  eel.  The  position  of  the  elec- 
tric organs  is  shown  in  Fig.  69,  in  which  the  animal 
is  partly  dissected,  so  as  to  expose  these  organs  at 
h  h.  They  consist  of  flat  partitions  and  thin  mem- 
braneous plates,  intersecting  these  partitions.  As  in 
the  preceding  case,  the  electrical  charges  are  under 
the  will  power  of  the  animal. 


-The  Electric  Bel.  c 


■r«j«r«  Faraday  made  careful  investigations  on  the  elec- 
mmwhh  tric  eel-  He  showed  that  when  one  hand  is  placed 
!5dMn?  on  tne  head  a°d  the  other  near  the  tail,  a  shock  is 
:1-  felt  very  similar  to  that  produced  by  a  large  Leyden- 


Fio.  69.— Electric  He],  duaecced  nulo  eipwe  electric  organ  of  the  animal. 

jar  battery  when  not  very  highly  charged.  He  also 
showed,  by  a  series  of  experiments,  such  as  charging 
a  Leyden-jar  battery,  producing  chemical  decompo- 
sitions and  magnetic  effects,  that  the  electric  charges 
obtained  from  this  animal  are  entirely  similar  to 
those  produced  by  ordinary  electrical  machines. 

Another  species  of  electric  fish,  called  the  silurus 
electricus,  is  found  in  the  African  waters  of  the 
Senegal,  the  Niger  and  the  Nile. 
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It  can  be  shown  that  during  the  life  of  animals 
electric  charges  and  currents  are  produced.     These  puS?*1  "^ 
will  be  studied  under  the  head  of  animal  electricity.  *******' 
In  a  similar  manner  during  the  life  of  plants  electric 
charges  and  currents  are  also  produced. 


100  ELECTRICITY   IN  EVERY-DAY  LIFE 


CHAPTER    XI 


ULTRA-GASEOUS  OR  RADIANT  MATTER 

"In  these  highly  exhausted  vessels  the  molecules  of  the 
gaseous  residue  are  able  to  dart  across  the  tube  with  com- 
paratively few  collisions,  and,  radiating  from  the  pole  with 
enormous  velocity,  they  assume  properties  so  novel  and  so 
characteristic  as  to  certainly  justify  the  application  of  the  term 
borrowed  from  Faraday,  that  of  radiant  matter. "—Lecture  to 
British  Association:  Wm.  Crookes.    Sheffield,  1879. 


1 


N  1 86 1,  Prof.  William  Crookes,  a  noted  English 
chemist,   discovered    a   new    metallic   element 
namSd  thallium.     Some  time  afterward,  while 
weighing  a  specimen  of  this  element,  he  had  placed 
2dhto di* h*s  delicate  chemical  balance  in  a  vacuous  space,  in 
JgJgJ2„Jf    order  to  avoid  errors  arising  from  movements  of  the 
atmosphere,  and  thus  ensure  exceedingly  accurate 
results.     He  had  obtained  an  exact  balance,  between 
the   two   scale   pans,    when    a   beam   of   sunlight 
chanced  to  fall  on  one  of  the  pans.     He  was  greatly 
surprised  to  note  that,   immediately,   the  pan  on 
which  the  sunlight  had  fallen  moved  downward,  as 
though  the  patch  of  light  had  added  sensibly  to  its 
weight.     Knowing  full  well,  as  a  scientific  man,  that 
sunlight  is  imponderable,  or  possesses  no  weight, 
Crookes  made  a  thorough  investigation  of  this  phe- 
nomenon, the  results  of  which  were  to  add  to  the 
three  different  states  or  conditions  in  which  matter 
uitra.        was  then  believed  to  exist;  viz.,  solids,  liquids,  and 
SrlSKnt   gases,  a  fourth  state,  for  which  he  proposed  the  name 
the  ultra-gaseous,  or  radiant  state  of  matter.    The 
word  ultra-gaseous  signifies  a  state  or  condition  be- 


matter. 
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* 

yond  the  gaseous  state;  that  is,  a  variety  of  the 
gaseous  condition  in  which  the  degree  of  attenuation 
or  rarefaction  greatly  exceeds  that  of  its  ordinary 
state. 

If  a  glass  vessel  containing  air  or  gas  is  subjected 
to  the  action  of  an  air  pump,  as  the  inclosed  space 
becomes  gradually  exhausted  of  its  contained  air  by 
its  removal  from  the  vessel,  the  amount  of  air  left 
in  the  vessel  of  course  becomes  less  and  less,  and  the 
number  of  its  molecules,  i.e.,  the  exceedingly  -small 
particles  of  matter  that  are  composed  of  definite 
groups  or  combinations  of  still  smaller  particles 
of  matter  called  atoms,  left  in  the  vessel,  become 
smaller  and  smaller.     If,  for  example,  the  vessel  be 
exhausted,  to  say  the  toooooo  of  the  density  it  had v^ on 
at  ordinary  atmospheric  pressures,  there  will  be  left  in  !be  235?°* 
the  vessel  but  one  molecule  in  the  space  where  there  r«Suaia 
were   formerly  one  million  molecules.      Now  weSSmSvT8 
know  that  in  all  matter  the  molecules  are  in  con-freey* 
stant  to-and-fro  motions.     In  gases,  at  ordinary 
pressures,  the  molecules  are  unable  to  move  to-and- 
fro  through  but  very  small  distances  before  they 
strike  or  jostle  against  neighboring  molecules,  which 
are  also  moving  rapidly  to-and-fro.     When,  how- 
ever, the  gas  is  rarefied,  and  there  are  fewer  mole- 
cules in  the  space,  the  distance  through  which  any 
molecule  can  move,  without  striking  against  a  neigh- 
boring molecule,  increases.     In  the  case  of  a  gas 
rarefied  to  the    yoohoo     of  an  atmosphere,  since 
there  are  one  million  fewer  molecules  in  the  given 
space,  the  path  or  distance  any  molecule  can  move 
through,  without  striking  a  neighboring  molecule, 
must  be  one  million  times  greater  than  in  the  same 
air  or  gas  at  ordinary  atmospheric  pressures.     Ii*M<££{fee 
other  words,  the  effect  of  greatly  rarefying  a  gas  is  p*ti». 
to  increase  the  distance  its  molecules  can  move 
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through  without  striking  neighboring  molecules. 
This  distance  is  called  in  science  the  mean- free  path 
of  the  molecule. 

Now,  Crookes  discovered  that  if  a  vessel  contain- 
ing air  or  gas  was  exhausted  until  the  number  of  its 
contained  molecules  was  so  small  that  they  could 
move  in  straight  lines  across  the  vessel  without 
striking  against  one  another,  the  ultra-gaseous  mat- 
SfuEn?* tcr>  which  fills  such  a  vessel,  will  possess  properties 
£J£?.8  quite.distinct  from  those  of  ordinary  gaseous  matter, 
and  that,  moreover,  these  properties  are  quite  capa- 
ble of  explaining  the  curious  action  before  alluded 
to,  when  the  beam  of  sunlight  falling  on  one  of  the 
scale  pans  of  the  delicate  chemical  balance  placed  in 
a  high  vacuum  caused  it  to  appear  heavier  than  the 
other  pan.  As  the  result  of  this  discovery,  Crookes 
invented  an  instrument  called  the  radiometer. 

Fig.  70  shows  a  form  of  Crookes  radiometer. 
This  instrument  consists  of  an  easily  rotated  wheel, 
provided  with  arms  or  vanes,  and  placed  inside  a 
glass  globe,  whose  residual  atmosphere  is  in  the 
ultra-gaseous  condition.  In  order  to  ensure  the 
n3k>fl*eter.  ready  rotation  of  the  wheel  it  is  delicately  supported 
on  needle  pivots.  The  vanes,  or  arms,  are  formed 
of  some  light  material,  such  as  thin  sheets  of  mica, 
each  of  which  is  silvered  on  one  face,  so  as  to  read- 
ily throw  off  the  light,  and  is  covered  with  lamp- 
black on  the  opposite  face,  to  rapidly  absorb  the 
light,  and  thus  become  warm. 

When  a  radiometer  is  exposed  to  sunlight,  or  to 
the  light  from  a  burning  match  or  candle,  it  will  be 
set  into  a  rapid  rotation,  in  which  the  blackened  sur- 
faces or  faces  of  the  wheel  move  away  from  the  di- 
rection in  which  the  light  strikes  them.     It  is  not 
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difficult  to  understand  just  why  this  motion  takes 
place.  When  light  falls  on  the  vanes  of  the  radi- 
ometer the  blackened  surfaces  become  warmer  than 
the  silvered  surfaces;  consequently,  the  molecules 
of  residual  gas  that  touch  either  of  these  surfaces 
are  thrown  off  from  them,  but  those  which  touch  J^JJJ 
the  blackened  or  -warmer  surfaces,  are  thrown  off 
with  much  greater  violence  than  those  which  touch 
the  silvered  surfaces.     The  kick  or  reaction  that  is 


placed  la  the  light. 

produced  against  the  blackened  surface  causes  the 
wheel  to  rotate  in  a  direction  opposite  to  that  in 
which  the  molecules  fly  off.  This  reaction  is  similar 
to  that  which  causes  the  well-known  rotary  lawn- 
sprinkler  to  tum  in  a  direction  opposite  to  that  in 
which  die  jets  of  water  are  escaping  from  it 

Now  this  is  just  what  happened  to  the  delicate 
balance  that  Crookes  had  in  the  empty  space.  The 
beam  of  the  balance  on  which  the  sunlight  fell  was 
wanner  than  the  other  beam ;  consequently,  the  mole- 
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cules  of  the  residual  gas  were  thrown  from  its  sur- 
uon'oftil  ^ace  mam'y  upward,  and  this  caused  the  illumined 
»pp»r*ot  pan  to  move  downward,  as  if  it  were  heavier  than 
SttSSlfi  t'ie  other.  Crookes  found  that,  in  order  to  obtain 
™„um  B°°d  results  in  the  vessels  he  employed  for  his  radi- 
ometer, a  degree  of  exhaustion  up  to  as  high  as  the 
one-millionth  of  an  atmosphere  was  necessary. 

Active  movements  of  the  molecules  of  the  resid- 
ual gas  are  more  readily  obtained  by  electric  dis- 


charges than  by  the  action  of  light  When  a  Crookes 
tube,  that  is,  a  glass  tube  containing  its  residual  gas 
in  the  ultra-gaseous  radiant  state,  is  provided  with 
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leading-in  wires  terminating  in  suitably  shaped  me- 
tallic plates  called  electrodes,  is  traversed  by  electric 
discharges,  a  stream  of  molecules  is  thrown  violently 
from  the  plate  or  metallic  surface  connected  with  the  JOSE'S©, 
negative  terminal  of  the  battery;  or,  as  it  is  more  <>!£££ 
generally  called,  from  the  cathode  or  negative  elec- SlISricy 
trode.     A  number  of  very  beautiful  and  interesting  di8Charffc* 
luminous  effects  are  produced  by  the  bombardment 
of  different  substances  by  the  molecules  thus  thrown 
off  from  the  cathode.     If,  for  example,  the  cathode 
N  is  furnished  with  a  concave  mirror  a,  Fig.  71,  the 
molecular  stream  is  brought  to  a  single  point  or 
focus,  just  as  light  would  be  from  a  similarly  shaped  incandea- 
mirror,  or  as  a  beam  of  light  is  brought  to  the  focus  dScSSJJ*" 
of  a  burning  glass.  If  this  stream  is  directed  against  tom^tu 
a  piece  of  platinum    b,  placed  at  the  focus,  it  willment' 
raise  the  temperature  of  the  platinum  sufficiently 
high  to  melt  it. 

In  the  ultra-gaseous  atmosphere  of  a  Crookes 
tube,  the  passage  of  an  electric  discharge  causes  a 
stream  of  the  residual  gas  to  move  off  at  right  an- 
gles from  the  surface  of  the  cathode,  and  this  inde- 
pendently of  how  the  metallic  plate  connected  to  the 
positive  electrode,  or,  as  it  is  called,  the  anode,  is  sit- 
uated. In  this  respect  a  Crookes  tube  differs  mark- 
edly from  an  ordinary  vacuum,  where  the  luminous 
discharge  always  passes  between  the  anode  and  the 
cathode.  In  Fig.  71  a  are  shown  two  tubes,  each 
of  which  is  furnished  with  one  cathode  and  three  jnmoiecu- 
anodes.  The  one  at  the  right  has  its  residual  gas  in  paths  in 
the  shape  of  ultra-gaseous  matter,  and  the  one  to^high™ 

*  °  vacua. 

the  left  that  of  an  ordinary  vacuum.  When  an  elec- 
tric discharge  is  passed  through  these  tubes,  the 
Crookes  tube,  the  tube  on  the  right-hand  side  of 
the  figure,  whose  cathode  is  furnished  with  a  con- 
cave metallic  mirror,  has  the  streams  of  residual 
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gas  thrown  off  from  the  surface  of  the  cathode  in 
straight  lines,  collecting  at  a  focus  near  the  centre 
of  the  tube,  and  diverging  to  the  opposite  wall  of 
the  tube,  irrespective  of  the  position  of  the  anode; 
while  in  the  case  of  the  tube  to  the  left,  which  con- 
tains a  partial  vacuum,  the  streams  from  the  cathode 
diverge  in  three  branches,  moving  to  the  three 
anodes  placed  as  shown. 

When  phosphorescent  substances  are  placed  at  the 
focus  of  a  Crookes  tube,  whose  cathode  is  provided 


with  a  concave  mirror,  beautiful  luminous  effects 
are  produced. 

The  luminous  rays  coming  from  the  cathode  of 
a  Crookes  tube,  in  which  the  vacuum  is  so  high  that 
the  residual  atmosphere  is  in  the  ultra-gaseous  state, 
are  called  the  cathode  rays.  These  rays,  as  we  have 
seen,  possess  the  power  of  heating  refractory  sub- 
stances to  a  state  of  high  incandescence,  and  of 
exciting  phosphorescence  in  certain  substances  as 
above  described.  It  was  formerly  believed  that 
cathode  rays  consist  of  molecules  of  the  residual 
gas.    It  is  now  believed,  however,  that  they  consist 
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of  particles  of  matter  much  smaller  than  the  mole- 
cules, even  smaller  than  the  atoms.  These  particles 
are  called  corpuscles  or  electrons,  and  are  believed  to 
consist  of  exceedingly  minute  fragments  torn  from 
the  atoms.  They  are  thrown  from  the  surface  of  s 
the  cathode  by  some,  yet  to  be  explained,  action  of 
electricity.  These  particles  move  with  a  speed  that 
has  been  estimated  to  be,  probably,  somewhere  near 
one-twentieth  the  velocity  of  light.  These  corpuscles 
or  electrons  carry  a  negative  charge  of  electricity. 


Speed  of 
electrons. 


208 


ELECTRICITY   IN  EVERY-DAY  LIFE 


CHAPTER   XII 

ROENTGEN  OR  X-RAYS — THE  PHOTOGRAPHY  OF  THE 

INVISIBLE 


of  a  new 
form  of 
radiation. 


"We  will  draw  the  curtain  and  show  you  the  picture." — 
Twelfth  Night,  Act  I,  Scene  5. 

OENTGEN,  of  Wtirzburg,  Bavaria,  while  en- 
gaged, in  1895,  *n  a  study  of  the  cathode 
rays,  had  so  thoroughly  covered  the  Crookes 
tube,  with  which  he  was  experimenting,  with  black 
cardboard,  that  none  of  the  light  it  emitted  could 
pass  into  the  darkened  room.  Near  this  tube  was 
SiSSS?*  a  sheet  of  paper  covered  with  a  chemical  substance 
called  tungstate  of  calcium,  which  possesses  the 
property  of  fluorescing.  Now,  during  his  experi- 
ments, Roentgen  noticed  that  something,  apparently 
very  much  like  light,  had  evidently  passed  through 
the  blackened  cardboard  on  the  Crookes  tube,  and 
had  excited  fluorescence  in  the  substance  that  cov- 
ered the  paper ;  for  it  commenced  to  emit  light.  On 
making  a  careful  investigation  of  this  phenomenon, 
Roentgen  discovered  that  the  action  was  due  to  a 
hitherto  unknown  radiation  invisible  to  the  eye,  but 
capable,  as  we  have  seen,  of  producing  luminous  ef- 
fects when  allowed  to  fall  on  fluorescent  substances, 
and  capable  also,  as  he  afterward  discovered,  of  pass- 
ing through  substances  opaque  to  ordinary  light, 
and,  like  light,  able  also  to  cause  the  chemical  de- 
compositions necessary  for  producing  photographic 
effects.  Roentgen  proposed  for  these  rays  the  name 
of  X-,  or  the  unknown,  rays.     They  are,  however, 


X-rays 
or  the 
Roentgen 
rays. 
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frequently  called  Roentgen  rays,  after  the  name  of 
their  discoverer. 

The  Roentgen  rays  are  not  the  same  as  the  cathode 
rays,  but  appear  to  be  produced  by  the  cathode  rays  J^™?11 
when  they  strike  against  a  solid  object,  such,  f  or  j£etKS^. 
example,  as  the  walls  of  the  glass  tube,  or  when  the  odc  rays- 
cathode  rays  are  focused  by  means  of  a  mirror,  and 
are  so  caused  to  fall  on  a  piece  of  metal.     Roentgen 
rays,  so  produced,  pass  off  in  all  directions  from  the 
metallic  surfaces. 

It  may  be  interesting  to  note,  in  this  place,  a  brief 
extract  from  a  description  given  by  Roentgen,  in 
a  preliminary  communication  to  the  Wurzburg 
Physico-Medical  Society,  in  December,  of  1895: 

"1.  If  we  pass  the  discharge  from  a  large  Ruhm- 
korff  coil  through  a  Hittorf  or  a  sufficiently  ex- 
hausted Lenard,  Crookes,  or  similar  apparatus,  and  x^t^on 
cover  the  tube  with  a  somewhat  closely  fitting  mantle  ££££" 
of  thin  black  cardboard,  we  observe,  in  a  completely cyamde- 
darkened  room,  that  a  paper  screen  washed  with 
barium-platino-cyanide    lights    up    brilliantly,    and 
fluoresces  equally  well  whether  the  treated  side  or 
the  other  be  turned  toward   the  discharge  tube. 
Fluorescence  is  still  observable  two  metres  away 
from  the  apparatus.    It  is  easy  to  convince  one's  self 
that  the  cause  of  the  fluorescence  is  the  discharge  ap- 
paratus and  nothing  else. 

"2.  The  most  striking  feature  of  this  phenomenon 
is  that  an  influence  capable  of  exciting  brilliant  fluo-  Trampar- 
rescence  is  able  to  pass  through  the  black  card- SSTynb- 
board  cover,  which  transmits  none  of  the  ultra-  x-ray»th*t 
violet  rays  of  the  sun  or  of  the  electric  arc,  and  one  SToSSna^ 
immediately  inquires  whether  other  bodies  possess  lg  L 
this  property.     It  is  soon  discovered  that  all  bodies 
are  transparent  to  this  influence,  but  in  very  different 
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degrees.     A  few  examples  will  suffice.     Paper  19 
very  transparent ;  the  fluorescent  screen  held  behind 
a  bound  volume  of  1 ,000  pages  still  lighted  up  brill- 
SSci2^f  iantly;  the  printers'  ink  offered  no  perceptible  ob- 
x*£SUt0    stacle.      Fluorescence  was  also  noted  behind  two 
packs  of  cards ;  a  few  cards  held  between  apparatus 
and  screen  made  no  perceptible  difference.     A  sin- 
gle sheet  of  tin-foil  is  scarcely  noticeable;  only  after 
several  layers  have  been  laid  on  top  of  each  other 
is  a  shadow  clearly  visible  on  the  screen.     Thick 
blocks  of  wood  are  also  transparent ;  fir  planks  from 
2  cm.  to  3  cm.  thick  are  but  very  slightly  opaque. 
A  film  of  aluminium  about  15  mm.  thick  weakens 
the  effects  very  considerably,  though  it  does  not  en- 
tirely destroy  the  fluorescence.     Several  centimeters 
of  vulcanized   India-rubber  let  the  rays  through. 
(For  brevity's  sake  I  should  like  to  use  the  expres- 
sion 'rays/  and  to  distinguish  these  from  other  rays 
I   will   call  them   'X-rays.')     Glass  plates   of  the 
same  thickness  behave  in  a  different  way  according 
as  they  contain  lead  (flint  glass)  or  not;  the  former 
are  much  less  transparent  than  the  latter.     If  the 
hand  is  held  between  the  discharge  tube  and  the 
screen,  the  dark  shadow  of  the  bones  is  visible  with- 
in the  slightly  dark  shadow  of  the  hand.     Water, 
bisulphide  of  carbon,  and  various  other  liquids,  be- 
Ka£y  have  in  this  respect  as  if  they  were  very  transparent. 
Warily      I  was  not  able  to  determine  whether  water  was  more 
invisible.    transparent  than  air.     Behind  plates  of  copper,  sil- 
ver, lead,  gold,  platinum,  fluorescence  is  still  clearly 
visible,  but  only  when  the  plates  are  not  too  thick. 
Platinum  0.2  mm.  thick  is  transparent;  silver  and 
copper  sheets  may  be  decidedly  thicker.     Lead  1.5 
mm.  thick  is  as  good  as  opaque,  and  was  on  this 
account  often  made  use  of.     A  wooden  rod  of  20  by 
20  mm.  cross-section,  painted  white,  with  lead  paint 
on  one  side,  behaves  in  a  peculiar  manner.    When  it 
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is  interposed  between  apparatus  and  screen  it  has 
almost  no  effect  when  the  X-rays  go  through  the 
rod  parallel  to  the  painted  side,  but  it  throws  a  dark 
shadow  if  the  rays  have  to  traverse  the  paint.  Very 
similar  to  the  metals  themselves  are  their  salts, 
whether  solid  or  in  solution." 

It  may  be  well  here  to  call  attention  to  a  fact  ob- 
served by  Hawkesbee,  who,  in  1705,  apparently  came  a  probabii- 
near  discovering  the  X-rays.     Hawkesbee  was  ex-  &£tabee 
perimenting  with  the  then  well-known  globular  elec-  ?nn^<X 
trical  machine.  He  had,  however,  replaced  the  ordi-x-S^w 
nary  globe  of  this  machine  by  a  glass  globe  coated  on  JJJ*  *8 
the  inside  with  sealing-wax,  which  was  at  least  one- 
eighth  of  an  inch  thick  in  places,  and  was,  conse- 
quently, absolutely  opaque.     This  globe  also  differed 
from  the  globe  ordinarily  employed  by  having  a 
vacuum  maintained  within  it.    Hawkesbee  noticed 
that  when  his  hand  was  applied  to  the  outside  surface 
of  the  globe,  so  as  to  act  as  a  rubber,  the  shape  of  his 
hand  was  distinctly  seen  in  the  concave  surface  of  the 
wax,  as  if  it  had  become  transparent.     The  same 
result  was  obtained  if  a  still  more  opaque  substance, 
viz.,  pitch,  was  used  in  place  of  the  wax.     It  would 
appear  that  Hawkesbee  had  thus  accidentally  pro- 
duced X-rays,  or  something  very  much  like  them,  in 
these  experiments.  A  repetition  of  Hawkesbee's  ex- 
periments, under  more  favorable  conditions,  might 
yield  valuable  results  to  science. 

Perhaps  one  of  the  strangest  circumstances  at- 
tending the  discovery  of  the  X-rays  is  the  possibil- 
ity they  afford  of  permitting  us  to  see  what  would 
otherwise  be  invisible.  This  possibility  arises  from 
two  characteristic  properties  of  these  rays;  viz., 
their  ability  to  pass  through  substances  opaque  to 
ordinary  light,  and  their  ability,  though  invisible  to 
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the  eye,  of  causing  such  parts  of  surfaces  as  are 
covered  with  fluorescent  substances  on  which  they 
fall  to  emit  light,  and  thus  become  visible  to  the  eye. 
A  surface  thus  covered  with  a  fluorescent  sub- 
stance was  invented  by  Edison  shortly  after  he  be- 
gan studying  the  X-rays.  His  instrument  is  called 
a  fluoroscope.  This  instrument,  as  shown  in  Fig. 
72,  consists  of  a  darkened  box  or  chamber,  having 
the  general  appearance  of  an  ordinary  stereoscope, 
the  small  end  of  which  is  shaped  so  as  to  tightly  fit 
the  eyes,  and  the  large  end  fitted  with  a  plate,  the 
inner  surface  of  which  is  covered  with  some  fluores- 


i(  (be  interior  of  the 


cent  material  like  the  tungstate  of  calcium  already 
referred  to,  or  the  barium-platino-cyanide.  When 
using  the  fluoroscope,  the  object  to  be  examined,  say 
the  hand  of  one  of  the  operators,  is  held  outside 
the  fluoroscope,  between  it  and  the  X-ray  tube. 
Now,  the  different  parts  of  the  hand  are  unequally 
transparent  to  the  X-rays.  Some  parts,  like  the 
flesh  and  blood,  allow  the  rays  to  readily  pass 
through  them,  while  others,  like  the  bones,  are 
opaque  to  them.  Between  these  there  are  different 
degrees  of  opacity  and  transparency;  consequently, 
there  will  fall  on  the  surface  of  the  fluoroscope  dif- 
ferent quantities  of  X-rays,  the  opaque  portions  re- 
ceiving but  little  of  the  rays,  and  the  transparent 
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portions  a  greater  quantity  of  the  rays.     It  follows, 
therefore,  that  the  surface  of  the  fluoroscope  willMunreo( 
emit  different  degrees  of  light,  and  that  an  observer  ii^™0- 
looking  into  it  will  see  an  image  of  the  opaque  body  p*"0™' 
looked  at  in  the  shape  of  more  or  less  distinctly  out- 
lined shadows. 

In  the  same  way  it  is  possible  for  physicians  to 
examine  any  of  the  bones  of  the  human  body,  and, 


to  a  certain  extent,  many  of  its  internal  organs,  and 
thus  determine  the  condition  in  which  these  may 
happen  to  be.  It  is  not  necessary  to  remove  the 
clothing  during  this  examination,  since  all  the  ordi- 
nary materials  employed  for  clothing  are  quite  trans- 
parent to  X-rays.  In  Fig.  73,  the  physician  is 
shown  as  examining  the  chest  of  a  patient.  The 
X-ray  tube  is  shown  as  placed  at  the  back  of  the  pa- 
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tient,  and  the  fluoroscope  is  applied  to  the  chest  by 
the  physician,  who  is  looking  into  the  instrument. 
Here  the  electric  discharges  are  obtained  from  the 
discharge  of  a  powerful  induction  or  influence  ma- 
chine, whose  terminals  are  connected  in  the  manner 
shown  with  the  leading-in  wires  connected  with  the 
X-ray  tube. 

For  the  photography  of  the  invisible,  in  addition 
to  the  ability  of  the  X-rays  to  pass  through  sub- 


stances opaque  to  ordinary  light,  there  must  be 
added  their  ability  to  act  on  photographic  plates  like 
Tbepho-  ordinary  light.  In  order  to  take  a  photograph  of 
oPftie  some  object  that  is  covered  by  substances  opaque  to 
ordinary  light,  a  sensitive  photographic  plate  is  cov- 
ered with  several  thicknesses  of  blackened  paper,  or 
is  placed  in  the  ordinary  plate  holder,  with  its  sensi- 
tive surface  toward  the  source  of  the  X-rays.  An 
object,  say  one  of  the  hands  of  an  operator,  is  then 
placed  between  the  source  of  the  X-rays  and  the 
photographic  plate.     In  this  instance  a  hand  is  rested 


TBE  PBOTOGRAPHY  OF   TBS  WVJBIBLE  215 

directly  on  the  top  of  the  plate     As  shown  in  Fig.  j^,,,™. 
74,  the  hand  is  placed  on  the  top  of  an  ordinary  ESM 
plate  holder,  resting  on  a  table.     The  X-ray  tube/001. 


Pic  tt. — X-ray  picture  or  radiograph  of  che  humu  band. 

placed  before  the  hand,  has  its  terminals  connected, 
in  this  case,  with  a  device  called  the  Ruhmkorff  coil. 
Another  experimenter  is  shown  in  the  same  figure 


Via.  j«.— J -tit  picture  or  radtofnph  of  Ike  tinman  foot. 

as  examining  his  hand  in  a  fluoroscopic  screen  held 
between  the  X-ray  tube  and  the  outside  of  the  flnoro- 
scope. 
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Both  the  fluoroscopic  examination  and  the  photo- 
graphic method  afford  great  aid  to  surgeons  and 
physicians  generally  in  the  examination  of  the  hu- 
foJri^T10'  man  body;  for  example,  when  a  person  is  suffering 
■uteanee*  from  tne  gffgcts  0f  a  gunshot  wound,  the  painful  ex- 
{JlS^Jiy  ploration  of  the  body,  by  means  of  the  steel  instru- 
the  x-mn  ment  ,-aii^  tne  probe,  is  no  longer  necessary.     Now 


Flo.  77. --X-ray  Tube,  from  device  by  R.  V.  Wagner  A  Co.,  of  Chicago. 

a  simple  fluoroscopic  examination,  or,  what  is  often 
still  better,  a  more  permanent  record  by  means  of 
an  X-ray  photograph,  radiograph,  or  skiagraph,  as 
it  is  generally  called,  will  give  at  once  the  location 
of  the  ball ;  for  metallic  bodies,  like  lead,  are  exceed- 
ingly opaque  to  the  X-rays,  therefore  their  shadow  is 
well  defined  either  on  the  fluoroscope  screen  or  in  the 
radiograph. 
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A  Fadiograph  of  the  human  hand  is  shown  in  Fig. 
75.  Here  the  bones  are  clearly  seen  through  the 
transparent  flesh  and  Wood  vessels  with  which  they 
are  eorered.  In  Fig.  76,  a  similar  radiograph  is 
shown  of  the  foot,  the  separate  bones  being  clearly 
outlined1  m  the  same  manner. 

A  variety  of  different  forms  have  been  given  to 
X-ray  tubes.     In  the  form  shown  in  Fig.  77,  a  single 


Pis.  78.  -Fluoroscopic  examination  of  patient  by  Die  of  X-rays  i 


cathode  is  provided  with  a  concave  metallic  mirror. 
There  are  two  anodes.  The  anode  which  receives 
the  cathode  rays,  and  therefore  emits  the  X-rays 
when  the  cathode  stream  falls  on  its  surface,  is  gen- 
erally called  the  anti-cathode,  and  is  placed  in  the  in-  X 
clined  position  shown.  This  anode  is  made  heavy, 
so  as  to  avoid  rapid  destruction  by  means  of  bom- 
bardments from  the  cathode  rays  to  which  it  is  sub- 
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jected.  Provision  is  also  made  for  the  expansions 
and  contractions  which  follow  changes  in  tem- 
w  wid  de-  perature,  so  that  they  shall  not  produce  warping  and 
£2ttb£  o£ consequent  destruction  of  the  tube.  When  this  tube 
is  in  proper  operation  one-half  of  the  surface  is 
lighted  with  a  peculiar  greenish  light,  as  shown  in 
Fig.  78,  where  an  image  of  the  spinal  column 
and  ribs  of  a  patient  standing  in  front  of  a  tube  is 
clearly  seen  on  the  surface  of  a  glass  fluorescent 
screen — held,  as  shown,  back  of  the  patient;  for 
when  the  room  is  kept  dark  a  fluoroscopic  screen 
may  be  employed  instead  of  placing  the  screen  in 
the  fluoroscopic  box. 
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CHAPTER    XIII 

RADIO-ACTIVITY — SPLIT   ATOMS  OR  ELECTRONS 

"The  highest  reach  'of  human  science  is  the  recognition  of 
human  ignorance." — Sir  W.  Hamilton. 

JOHN  DALTON,  in  a  publication  entitled  "The 
New  System  of  Chemical  Philosophy,"  pub- 
lished in  1807,  stated  that  the  ultimate  par- 
ticles of  matter  consist  of  exceedingly  minute  bodies  atomic  * 
called  atoms.     He  maintained  that  these  atoms  arethcory' 
infinitely  hard,  so  as  to  be  incapable  of  being  cut, 
scratched  or  broken.     It  was  for  this  reason  that 
they  were  called  atoms ;  the  word  atom  meaning  mat- 
ter which  is  indivisible,  or  which  can  not  be  cut. 
Dalton  pointed  out  that,  when  a  chemical  combina- 
tion takes  place,  it  is  the  atoms  that  enter  into  com- 
bination with  one  another;  that  each  atom  has  a 
definite  relative  weight  compared   with  hydrogen 
taken  as  unity  or  one;  that  the  composition  of  all 
chemical  compounds  is  definite,  and  consists  of  the 
indivisible  parts  or  atoms  entering  into  combina- 
tion with  each  other ;  that  all  elementary  substances  some 
that  are  capable  of  entering  into  combination,  com-  BaSon's 
bine  in  definite  proportions  by  weight,  this  combina-  theory, 
tion   taking  place   between   either  two,   three,   or 
more  whole  atoms.     Dalton   believed   that   when 
chemical  decompositions  and  subsequent  recombi- 
nations occurred,  an  atom  of  one  elementary  sub- 
stance was  invariably  replaced  by  a  single  atom  of 
some  other  chemical  substance.     We  now  know, 
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tution of 
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Maxwell, 
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tution of 
matter. 


however,  that  in  such  cases  a  single  atom  may  be 
replaced  by  two,  three,  or  more  atoms  of  other  sub- 
stances, according  to  what  is  called  their  atomicity 
or  valency. 

The  position  occupied  by  Dalton's  theory  for 
many  years,  may  be  seen  by  a  statement  made  by 
Dr.  Thorpe,  in  1849,  *n  h*s  "Essays  on  Historical 
Chemistry";  viz.,  that  "every  great  advance  in 
chemical  knowledge,  during  the  last  ninety  years, 
finds  its  interpretation  in  this  [Dalton's]  theory." 

The  ancients  had  somewhat  similar  ideas  concern- 
ing the  constitution  of  matter.  Lucretius  held  that 
matter  is  made  up  of  indestructible  atoms,  while 
Anaxagoras  held  that  matter  was  not  made  up  of 
separate  parts,  but  was  continuous  and  infinitely  di- 
visible. While  scientific  men  are  still  somewhat 
divided  in  respect  to  the  constitution  of  matter, 
some,  like  Maxwell,  holding  that  it  is  impossible 
to  regard  matter  as  homogeneous  and  continuous, 
and  others,  like  Tait  and  Kelvin,  believing  that 
matter  is  continuous,  compressible,  and  intensely 
heterogeneous;  still,  with  some  few  exceptions,  at 
comparatively  recent  dates,  chemists  very  generally 
held  to  Dalton's  views  as  being  at  least  convenient, 
and,  in  point  of  fact,  most  chemical  theory  has  been 
based  on  such  ideas  until  quite  recently. 


A  feeling,  however,  has  gradually  been  arising  in 
the  minds  both  of  physicists  and  chemists,  that  not 
indivisible?  only  the  atomic  theory,  but  also  some  other  funda- 
mental physical  ideas,  such  as  that  of  the  character  of 
the  luminiferous  medium  through  which  the  waves 
of  light  are  propagated,  need  marked  modifications. 


In  a  recent  address  by  the  President  of  the  British 
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Association  for  the  Advancement  of  Science,  an  ad- 
mirable discussion  is  given  of  some  of  the  above- 
mentioned  changes  that  scientific  men  have  found 
necessary  to  make  in  the  general  ideas  which  have 
hitherto  been  held  almost  universally,  and  which 
may  properly  be  called  fundamental  scientific  be- 
liefs.    In  this  address,  Prof.  A.  W.  Riicker,  theSS^ 
President  of  the  Association,  calls  attention  to  theSSmSSc1 
fact  that  it  is  impossible  to  regard  such  matter  asbelief8' 
gold,  water,  or  air,  as  being  uniformly  continuous 
throughout.     He  calls  attention  to  the  fact  that,  in 
such  matter,  there  is  a  condition  of  internal  commo- 
tion, in  which  the  particles  rapidly  move  to-and-fro. 

In  the  above  address  Riicker  cites  a  curious  ex- 
periment of  Sir  W.  Roberts  Austin,  in  which  pieces  Diffusion 
of  gold  and  lead  were  placed  in  contact  with  each  fntf °i^d 
other,  and  kept  in  a  temperature  of  about  640  timJJeS?7 
Fahrenheit  for  four  years.  At  the  end  of  this  period 
particles  of  the  gold  had  travelled  into  the  lead  to 
such  an  extent  that  not  only  were  the  two  metals 
united,  but  "on  analysis  appreciable  quantities  of 
the  gold  were  detected  even  at  a  distance  of  more 
than  5  mm.  from  the  common  surface,  while  within 
a  distance  of  three-fourths  of  a  mm.  from  the  sur- 
face gold  had  penetrated  into  the  lead  i  oz.  6  pwts. 
per  ton,  an  amount  which  could  have  been  profitably 
extracted/'  Such  effects,  he  properly  states,  could 
not  possibly  be  explained  but  on  the  supposition  of 
separate  parts,  in  a  state  of  motion,  having  pene- 
trated into  the  spaces  between  the  corresponding 
parts  of  the  superposed  body.  He  calls  attention 
to  the  fact  that  the  phenomena  both  of  expansion 
and  heat,  as  well  as  the  above  phenomenon  of  com- 
bination of  the  lead  and  gold,  could  not  be  made  in- 
telligible by  any  other  hypotheses  than  those  jwhich 
are  at  the  basis  of  the  atomic  theory. 
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The  conclusion  is  reached  that  matter  possesses 
relatively  a  coarse-grainedness ;  is  not  identical  in 
constitution  throughout;  and  that  adjacent  minute 
parts  are  distinguishable  from  each  other,  either 
by  being  of  different  nature  or  in  different  states. 

When  a  current  of  electricity  is  made  to  flow 
through  a  gas,  some  of  the  atoms  of  the  gas  appear 
to  be  torn  or  divided  into  parts  which  carry  posi- 
tive and  negative  charges,  as  they  move  in  oppo- 
site directions.  It  is  only  when  such  a  breakdown 
occurs  that  the  gas  is  able  to  conduct  electricity. 
By  the  passage  of  the  X-rays  through  a  gas,  there- 
fore, it  appears  that  some  of  the  atoms  of  the  gas 
are  broken  into  fragments  by  the  radiation,  and 
that  these  broken  parts  are  oppositely  charged,  and 
scattered  among  the  unbroken  atoms.  A  gas  so 
acted  on  is  said  to  be  ionized.  Here,  then,  we  have 
reached  a  point  where  the  so-called  atom  has  frag- 
ments broken  off  from  it,  an  idea  which  is  very  dif- 
ferent from  the  idea  so  long  held  by  most  chemists 
and  physicists  that  atoms  could  not  be  cut  or  broken. 

Prof.  J.  J.  Thomson  believes  that  it  is  possible 
thus  to  break  off  from  an  atom  a  small  part  of  its 
mass,  a  quantity  not  exceeding  rfos  of  the  whole. 
He  has  called  these  fragments  of  the  atom  the  cor- 
puscles.   He  believes  that  these  corpuscles  act  as  the 
carriers  of  a  negative  charge  in  an  electric  current. 
He  believes  that  it  is  quite  possible,  nay,  even  prob- 
able, that  the  atoms  of  elementary  substances  are 
composed  of  combinations  of  parts  of  some  simpler 
fundamental  form  of  matter — possibly,  as  has  been 
tatiS!  u"    suggested  by  some,  of  the  universal  ether.    If  such 
metais  not  views  be  correct,  it  may  be  possible  to  realize  the 
fm^sdbil.  dream  of  the  alchemist,  and  to  convert  or  change 
any  of  the  baser  metals  into  gold. 
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In  1896,  a  Frenchman  named  Henri  Becquerel, 
while  studying  the  action  of  the  X-rays  on  certain  J^SSf*1 
phosphorescent  substances,  in  causing  them  to  emit nium  rays- 
a  radiation,  which,  like  the  X-rays,  possessed  the 
power  of  passing  through  substances  opaque  to  or- 
dinary light,  noticed  the  curious  fact  that  in  the  case 
of  uranium  salts,  previous  exposure  to  sunlight  was 
unnecessary.  In  other  words,  Becquerel  discovered 
that  salts  of  uranium  are  able  to  give  off  radiation  at 
all  times,  without  any  exposure  to  sunlight,  and  that 
such  radiations,  like  the  X-rays,  can  pass  through 
opaque  bodies  and  affect  sensitive  photographic 
plates.  These  rays  are  called  uranium  rays ;  or,  from 
the  name  of  their  discoverer,  Becquerel  rays.  They 
possess  the  power  of  discharging  electrified  bodies  in 
their  neighborhood  by  the  ionization  of  the  air  sur- 
rounding them.  In  this  respect  they  are  like  the 
X-rays  and  the  cathode  rays. 

Several  months  after  this  discovery  by  Becquerel, 
two  investigators  discovered  that  thorium  and  its 
compounds  possess,  like  uranium,  the  ability  to  emit 
peculiar  rays.    Subsequently,  through  a  careful  study     ' 
of  a  mineral  called  pitchblende,  which  is  one  of  the 
principal  ores  from  which  uranium  is  obtained,  there 
were  discovered  two  hitherto  unknown  elementary 
substances,  which  are  at  least  one  hundred  thousand  Discovery 
times  more  sensitive  than  uranium,  and  possess  a  elements, 
radio-activity,  as  this  peculiar  property  is  called,  one  {^iumSd 
hundred  thousand  times  as  great  as  that  of  uranium. act  mum' 
These  substances  were  called  polonium  and  radium. 
A  third  additional  substance  was  subsequently  dis- 
covered,   called    actinium,    which    also    possessed 
marked  powers  of  radio-activity. 

The  peculiar  rays  emitted  by  these  substances  are 
called  respectively  polonium  rays,  actinium  rays,  and 
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radium  rays.  Polonium  rays  appear  to  be  readily 
r^SiT'  stopped  by  a  very  thin  sheet  of  metallic  foil.  Ura- 
Mrfradmm  njum  rayS  are  more  penetrating,  passing  through 

metals,  glass,  and,  in  fact,  all  substances,  with,  how- 
ever, a  greater  or  less  loss  in  intensity.  Polonium, 
radium,  and  actinium  rays  appear  to  consist  of  mix- 
tures of  both  penetrating  and  non-penetrating  rays. 

Like  the  X-rays,  the  radium  rays  possess  the  power 
£hX        of  reddening  or  burning  the  skin,  and  may  cause 
severe  inflammation,  only  in  the  case  of  the  radium 
rays  the  influence  does  not  set  in  until  three  or  four 
weeks  after  the  exposure.    The  curious  fact,  there- 
fore, exists  that  a  fragment  of  radium,  which  con- 
tinues to  emit  rays  whether  exposed  to  sunlight  or 
not,  if  carried  in  a  small  glass  bottle  in  one's  pocket, 
df«tof     would  be  able  to  produce  a  serious  burn  without  his 
raybunw.   knowing  it  until  three  or  four  weeks  afterward,  un- 
less he  had  taken  the  precaution  of  shielding  him- 
self against  its  malign  influence  by  surrounding  the 
bottle  with  an  impenetrable  covering  of  thick  lead. 

But  we  are  not  yet  through  with  the  curious  cate- 
gory of  these  peculiar  rays.  If  the  X-rays  are  per- 
iS^ISI  mitted  to  strike  against  some  object,  they  are  able, 
dStfoJT  like  the  cathode  rays,  to  produce  a  secondary  radia- 
tion. The  Becquerel  rays  possess  the  same  property. 
These  secondary  rays  possess  the  power  of  ionizing 
gas,  and  affecting  photographic  plates.  It  will  be  im- 
possible, however,  for  us  to  give  them  any  further  at- 
tention. 

The  fragmental  atomic  matter  or  corpuscles  are 
m^fka8-  sometimes  called  electrons,  or  electrions.  Kelvin  has 
F?Snkfiin>  recently  proposed  a  modification  of  Franklin's  single- 
e£?&cflh£  fluid  hypothesis,  in  which  he  suggests  that  the  single 
^^     imponderable  electric  fluid,  which  Franklin  assumed 
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to  exist  in  all  matter,  consists  of  equal  and  similar 
atoms  or  electrons,  much  smaller  than  the  atoms  of 
ponderable  matter. 

William  Crookes,  in  a  recent  paper,  states  that  similarity 
electrons  emanating  from  radio-active  bodies  behave  matu?tonic 
in  all  respects  like  material  particles,  and,  unlike  ^JSSmltter 
ether  waves,  are  impeded  by  the  molecules  of  the  sur- 
rounding medium.    He  states  that  the  electrons  from, 
actinium  partake  of  the  properties  of  a  fog  or  a  mist 
of  material  particles.    He  explains  how  the  electron 
theory  throws  light  on  a  fact  that  has  long  puzzled 
scientific  men,  viz.,  that  if  a  coin  is  placed  on  a  sensi- 
tive photographic  plate  in  perfect  darkness,  and  con- 
nected for  a  few  seconds  with  one  terminal  of  an 
induction  coil,  a  development  of  the  plate  will  show 
an  image  of  the  raised  portions  of  the  coin  that  havedeSSSwf 
come  in  contact  with  the  sensitized  surface.   This  has  SS/jStSl 
generally  been  ascribed  to  an  electrified  stream  of  SagS? 
air  particles,  or  to  the  brush  discharge  escaping  from 
the  sharp  portions  of  the  coin ;  but,  if  the  coin  be  im- 
bedded at  the  centre  of  a  block  of  paraffin  2  cm. 
thick,  where  it  would  be  impossible  for  it  to  emit 
streams  of  electrified  air,  a  photograph  can  still  be 
obtained  by  means  of  the  induction  coil.    It  would 
seem,  therefore,  that  the  electrons,  which  pass  easily 
through  the  paraffin  from  the  coin  to  the  plate,  are 
the  real  cause  of  the  phenomenon. 
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II 

MAGNETISM 

CHAPTER  XIV 

EARLY     HISTORY    OF     MAGNETISM 

"In  early  times  the  magnetic  power  was  believed  to  belong 
only  to  the  lodestone.  It  was  next  believed  to  belong  only  to 
the  lodestone  and  iron  or  steel;  now,  however,  every  ma- 
terial substance  is  found  to  be  affected  more  or  less  by  its  in- 
fluence."— Woodcroft:  English  Patents,  Abridgments 


T 


iHERE  exists  in  nature  a  particular  ore  of  iron 
called  the  lodestone,  some  specimens  of  which 
naturally  possess  magnetic  powers;  viz.,  that 
of  attracting  or  drawing  to  them  small  pieces  of  iron, 

3?od2ica  anc*  ^SOf  w^en  suspended  so  as  to  be  able  to  readily 
stone.  move  or  turn  in  any  direction,  of  coming  to  rest 
when  pointing  approximately  to  the  geographical 
north.  This  ore  of  iron  occurs  in  nearly  all  parts 
of  the  world,  and  is,  therefore,  by  no  means  rare  or 
difficult  to  find. 

In  the  form  of  lodestone,  magnetism  was  known 
Magnetism  *°  ^e  ancients  at  an  exceedingly  early  date,  al- 
SdSnte°8o  though  they  were  not  aware  of  the  cause  of  its  pe- 
ctus*    culiar  properties.     Which  of  its  two  characteristic 
wwfJcJ?  properties  above  referred  to,  i.e.,  its  attractive  or  di- 
cemed#      rective  force,   was  first  observed  is  not  certainly 
known.    In  the  opinion  of  some,  its  power  of  draw- 
ing iron  to  it  was  believed  to  have  been  first  dis- 
covered, but  according  to  others,  its  power  of  direct- 
ing or  pointing  to  the  north  was  the  property  that 
was  first  noted. 
(326) 
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Those  who  believe  that  the  attractive  power  of 
magnetism  was  first  discovered  assert  that  its  dis- 
coverer was  a  shepherd  named  Magnes,  who  was 
very  unexpectedly  detained  on  Mt.  Ida,  in  Phrygia,  attonSed 
Asia  Minor,  by  the  iron  nails  in  his  shoes  being  held  fdaj2uJuu 
fast  to  a  large  mass  of  lodestone,  with  which  theyMino^, 
accidentally  came  into  contact.     According  to  others, 
this  detention  was  caused  by  the  curious  fact  that  he 
was  unable  to  detach  his  shepherd's  crook  from  a 
mass  of  lodestone,  to  which  it  was  firmly  held  by  the 
iron  hook  with  which  it  was  mounted.     According 
to  still  others,  the  discovery  of  the  attractive  power  Alleged 
of  the  lodestone  was  made  about  one  thousand  years  if^St. 
before  Christ,  by  a  Greek,  who  obtained  from  Mag-  ^Si  a 
nesia,  in  Lydia,  Asia  Minor,  a  specimen  of  the  kxle-jSr 
stone.    There  are  still  others  who  believe  that  theneeu,  A&& 
word  magnet  was  derived  from  the  Latin  wordMtaor* 
"magnis,"  which  means  heavy,  in  reference  to  the 
high  specific  gravity  of  lodestone. 

If  very  early  Chinese  history  is  to  be  credited,  it 
would  appear  that  the  world's  knowledge  of  magnet- 
ism extended  into  a  period  much  earlier  than  the  Knowledge 
times  of  the  early  Greeks  or  Romans;  viz.,  to  a  date  ism  credited 
as  early  as  2600  B.C.   In  Duhalde's  "General  His- Chinese 
tory  of  China,"  it  is  asserted,  that,  according  to* 
ancient  records,  when  the  Emperor  Hoangti  was 
warring  against  Tchi  Yeou,  on  the  termination  of  a 
battle,  disastrous  to  the  latter,  Hoangti,  by  the  use  of 
a  needle,  which  possessed  the  power  "to  determine 
the  four  parts  of  the  world/*  "overtook  Tchi  Yeou, 
made  him  prisoner,  and  put  him  to  death."    In  the       mMmm 
same  history  it  is  stated  that  at  a  later  date,  ^ogjg^Jjj 
B.C.,  another  Chinese  notable,  named  Tchieou  Kong,  gjchieou 
gave  to   certain   ambassadors   a   valuable  present  i°4°  »•«• 
in  the  shape  of  an   instrument,   which  possessed 
the  strange  power  of  guiding  them  home.    One  side 
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of  this  instrument  is  said  to  have  pointed  to  the 
north,  and  the  other  side  to  the  south. 

Whether  the  early  knowledge  concerning  magnet- 
ism in  China  began  with  the  discovery  of  the  direc- 
tive power  of  the  magnet,  or,  with  the  discovery  of 
its  power  of  attraction  for  iron,  is  uncertain.   Even 
if  we  endeavor  to  solve  this  question  by  etymologi- 
cal study  of  the  early  words  used  for  magnet,  we 
will  still  experience  the  same  uncertainty.    Thus,  in 
Chinese,  the  lodestone  is  called  "thsu-chy,"  or  the 
lovestone;  also  "hy-thy-chy,"  which  means  the  stone 
that  snatches  up  iron.     In  fact,  in  nearly  all  lan- 
guages we  can  find  words  whose  etymology  would 
appear  to  have  been  derived  from  its  power  of  at- 
Etymoioji-  traction.    This  has  been  pointed  out  by  Sir  William 
StiSn  of "   Snow  Harris,  in  his  work  on  "Rudimentary  Magnet- 
cariy^words  jsm  "   Thus,  jn  the  Siamese  language  the  word  for 

£fOT?ngC  magnet  is  "me-lek,"  or  that  which  attracts  iron.  In 
traSSon  Sanscrit  the  word  is  "ayaskanta,"  or  loving  toward 
for  taL  iron.  In  the  Talmud,  the  "Jewish  Traditions  of  the 
Elders,"  a  magnet  is  called  "achzhab'th,"  or  the 
stone  which  attracts.  Even  in  the  European  lan- 
guages, the  French  call  a  magnet  'Taimant,"  or  the 
loving  stone ;  and  in  Hungarian  it  is  called  "magnet 
ko,"  or  the  lovestone. 

On  the  other  hand,  the  magnet  has  also  been  called 

by  words  that  refer  to  its  ability  to  point  or  direct 

caWgnTf-1"  to  the  geographical  north.   For  example,  in  Chinese, 

£riynwordathe  magnet  is  called  "tchu-chy,"  which  means  the  di- 

lodestpne    recting  stone.   In  a  Chinese  dialect  (Tonkinin)  the 

S  STdtra*  word  is  "d'anamtchum,"  which  means  the  stone 

'  which  points  or  shows  the  way  to  the  south.     In 

Sweden  the  lodestone  is  called  the  seeing  stone,  or 

the  "segelsten."  In  Icelandic,  it  is  called  the  leading 

stone,  or  the  "leiderstein,"  and  in  Saxon,  its  signifi- 
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cation  is  to  lead,  "laedan,"  from  which  we  get  the 
name  lodestone.  In  this  last  connection  it  might  be 
well  to  call  attention  to  the  fact  that  the  spelling 
loadstone,  sometimes  given  to  this  word,  and  which, 
probably,  signifies  heavy  stone,  is  not  as  much  in  ac- 
cord with  etymological  usage  in  different  parts  of 
the  world,  as  the  orthography  lodestone. 

Before  leaving  this  very  interesting  early  history  Homer, 
of  magnetism,  it  may  be  stated  that  Homer,  one  mention* 
thousand  years  B.C.,  gives  a  brief  mention  of  the|»jjw°f 
directive  power  of  the  lodestone.    Thales,  the  Greek, 
to  whom  we  have  already  referred  in  connection  with  Thaleg, 
the  rubbed  amber,  speaks  in  his  writings  of  the^iefr^ 
lodestone  as  if  he  confidently  believed  that  it  was^«°fan 
possessed  of  a  variety  of  animal  spirit,  and  was,  {^ton?" 
therefore,  endowed  with  a  kind  of  life.     Wood- 
croft,  in  his  introduction  to  the  subject  of  magnet- 
ism in  the  Abridgments  of  Specifications  Relating  to 
Patents  for  Inventions  in  Electricity  and  Magnetism, 
cites  the  following  additional  early  writers  as  call- 
ing attention  to  the  directive  power  of  the  magnet, 
viz.,  Pythagoras,  600  B.C. ;  Euripides  and  Plato,  50og££led?c 
B.C.;  Aristotle,  400  B.C.;  Lucretius  and  Cicero,  iooj£4e7Sve 
B.c.    It  was  the  Roman  poet,  Lucretius,  who,  in  his"*ie8tonc# 
philosophical  work  "De  Rerum  Natura,"  spoke  in- 
telligently concerning  the  magnet.    We  append  Dr. 
Busby's  translation  of  this  passage : 


"Now,  chief  of  all,  the  magnet's  power  I  sing, 
And  from  what  laws  the  attractive  functions  spring:        Buahy's 
The  magnet's  name  the  observing  Grecians  drew  translation 

From  the  magnetic  region  where  it  grew ;  £*£& 

Its  viewless  potent  virtues  men  surprise,  maiSet. 

Its  strange  effects  they  view  with  wondering  eyes, 
When,  without  aid  of  hinges,  links,  or  springs, 
A  pendent  chain  we  hold  of  steely  rings. 
Dropt  from  die  stone— the  stone  the  binding  source,— 
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Ring  cleaves  to  ring,  and  owns  magnetic  force : 
Those  held  superior,  those  below  maintain, 
Circle  'neath  circle  downward  draws  in  vain, 
Whilst  free  in  air  disports  the  oscillating  chain." 

In   addition   to    Lucretius,  Pliny,    who,   in   the 
npSimt*"  thirty-sixth  book  of  his  Natural  History,  appears 
thcmlynet. to  have  observed  the  power  possessed  by  a  magnet 
of  repelling  bodies,  thus  remarks :  "There  is  a  kind 
of  stone  in  Ethiopia,  which  will  not  abide  iron,  but 
repulses  and  driveth  iron  away  from  it."    At  a  much 
later  date,  a.d.  400,  Marcellus-  refers  to  the  lode- 
stone,  both  as  attracting  and  repelling  iron.    Lucre- 
tius,   in   "De   Rerum   Natura,"   mentioned  above, 
o^wpl11*    speaks  thus  obscurely  concerning  the  repelling  power 
EuSo^f  possessed  by  a  magnet:  "I  have  seen,  at  Samo- 
b^aioST  thrace,  iron  jump  and  filings  dance  in  brass  vessels, 
when  a  piece  of  lodestone  was  placed  underneath,  so 
that  it  seemed  as  if  the  iron  was  repelled  from  the 
stone."    Here,  undoubtedly,  Lucretius  was  in  error. 
There  was  certainly  no  repulsion,  but  merely  attrac- 
tion of  the  magnet  drawing  the  iron  particles  to  it 
and  permitting  them  to  be  replaced  by  others,  as  its 
position  was  changed  from  one  side  of  the  brass 
vessel  to  the  other. 

The  exact  time  of  the  discovery  of  the  mariner's 

compass,  in  which  the  directive  power  of  the  magnet 

is  employed  to  direct  a  ship  in  its  course  across  the 

jamiichus.  ocean,  is  also  uncertain.    Jamlichus,  in  his  Life  of 

Pythagoras,    says    "that    Pythagoras    took    from 

Directs    Abaris,  the  Hyperborean  -[dweller  in  the  extreme 

S^SSe  *  north] ,  his  golden  dart,  without  which  it  was  im- 

tohLve"*1  possible  for  him  to  find  his  road."    According  to 

toChiSSe11  Gaubil,  the  directive  tendency  of  the  needle  was 

a.d.823     known  to  the  Chinese  as  early  as  the  Dynasty  of 

Humboldt.  Haz,  a.d.  223.     Alexander  Humboldt  also  ascribes 

an  early  knowledge  of  this  fact  to  the  Chinese,  who 
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are  reputed  to  have  had  sailing  craft  in  the  Indian 
Ocean  that  were  under  the  guidance  of  a  magnetic 
needle  at  least  700  years  before  the  compass  was 
used  by  European  nations. 


Rude  form 


A  rude  form  of  compass  is  said  to  have  been  in- 
vented at  a  very  early  date,  in  northern  Asia,  and  to  ScSmpZ 
have  been  carried  by  the  Tartars  to  China.    These  b^aruri 
same  Tartars  are  credited  with  the  use  of  a  miniature  incKw 
figure  of  a  man  resting  on  a  pivot,  and  holding  inthcUnd# 
his  hand  a  small  magnet,  so  arranged  that  the  figure 
always  pointed  to  the  south.    It  was  by  the  use  of 
such  a  figure  that  the  Tartars  found  their  way  across 
the  grassy  plains  that  covered  extended  portions  of 
their  territory.    It  would  seem,  therefore,  that  at  a 
very  early  date,  the  directive  power  of  magnetism 
was  practically  employed  by  the  Chinese.    Although 
they  were  unacquainted  with  the  fact  that  magnetism 
was  the  cause  of  this  phenomenon,  yet  they  knew 
that  the  strange  power  of  the  lodestone  could  readily  empiojSf 
be  imparted  to  a  piece  of  steel  by  merely  rubbing  the  u£  fiF11" 
steel  against  the  stone.    In  the  Chinese  and  Japanese  SSSTy 
languages,  there  are  terms  employed  for  the  magnet n 
which  signify  "stone  for  rubbing  the  needle,"  and 
the  "stone  for  rubbing  the  steel  needle." 

According  to  a  French  poem  found  in  a  curious 
quarto  manuscript  of  the  fifteenth  century,  state-  to  compass 

4  •   1       4  41  •         t  made  in 

ments  occur  which  show  that  the  manner  s  compass  publication, 
was  known  at  least  during  the  twelfth  century.  In 
a  History  of  Jerusalem,  by  Cardinal  de  Vitry,  pub- 
lished about  a.d.  1200,  mention  is  made  of  the  great 
value  of  the  mariner's  compass  to  those  who  travel 
much  on  the  water. 

Guiot  de 
Province 

Guiot  de  Province,  in  one  of  his  poems,  states  that  touched 
before  the  year  a.d.    1200  mariners  employed  a  Lotion, 
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"touched"  needle,  mounted  on  a  piece  of  straw,  to 
guide  them  over  the  ocean. 

As  early  as  1242,  navigators  on  the  Syrian  seas 

employed  for  determining  their  direction  a  compass 

Employ-     nee(Me,  consisting  of  an  ordinary  sewing  needle  that 

m™L-K  had  been  touched  by  a  lodestone.    This  needle  was 

CQJHD3A8  DV  ' 

nlJiJStoxs,  mounted  on  a  piece  of  cork,  and  allowed  to  float  on 
a.d.  1*4*.  '  the  water  surface.    According  to  Sir  William  Snow 
Harris,  the  length  of  this  needle  was  subsequently  in- 
creased to  about  six  inches,  and  the  needle  sus- 
pended on  a  point  in  a  white  china  dish  or  bowl 
filled  with  water,  probably,  to  prevent  it  from  fall- 
ing to  the  side  of  the  vessel.    A  much  later  refer- 
Usc  of       ence  is  made  by  Adams,  in  the  fourth  volume  of  his 
SSwdon  "Natural  Philosophy/'published  in  1794,  in  which  he 
diupTio1^  declares  Verstomanus  affirms  that  during  a.d.  1500 
in  a.d.  1500.  he  saw  an  gast  indian  pilot  determine  the  course  of 

his  ship  by  means  of  the  directive  tendency  of  a  mag- 
net, and  claims  that  the  arrangement  of  such  needle 
or  compass  was  not  unlike  that  used  at  the  present 
time.  In  a.d.  1269  Adsiger  refers  to  a  compass 
needle  mounted  on  an  axis,  and  calls  attention  to  the 
declination  of  the  compass  needle,  that  is,  of  its  fail- 
ure to  point  to  the  exact  geographical  north. 

ofcSSSSs      According  to  others,  a  Neapolitan,  named  Flavio 
cSoT^I10   Gioi,  who  lived  in  the  Thirteenth  Century,  is  believed 
in^D.1?1^  to  ^ave  Evented  the  compass  needle  about  132a 
Gioi  was  a  nobleman  in  the  city  of  Principati,  which 
has  since  that  time  borne  a  representation  of  a  mar- 
iner's compass  on  its  coat-of-arms. 

v^Suis  Gilbert,  in  his  "De  Magnete,"  published  in  1600, 
com£u8iii  asserts  that  Paulus  Venetus  brought  the  mariner's 
x!D.yi«6o.    compass  from  China  to  Italy  in  a.d.  1260. 
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• 

In   1492,   Columbus,   in  the  famous  voyage  in 
which  he  made  the  discovery  of  America,  observed  D^overy 
the  variation  of  the  magnetic  needle,  or  its  failure  to  Son  Uatt 
point  to  the  north  in  all  parts  of  the  earth.    As  we^JSi7 
have  already  mentioned,  the  fact  of  the  variation  of fa  A,D' I492' 
the  compass  was  noticed  long  before  the  time  of 
Columbus,  but  it  was  this  intelligent  navigator,  who 
first  discovered  that  the  amount  of  this  deviation  was 
by  no  means  a  constant  quantity,  but  varied  in  dif- 
ferent parts  of  the  earth.    At  a  somewhat  later  date, 
1497,  Sebastian  Cabot  discovered  that  the  deviation  SSSStion 
of  the  compass  was  real,  and  had  the  same  value  for  Son  S?the 
the  same  magnetic  needle  in  the  same  parts  of  the  $?* I££.in 
earth. 

Irving,  in  his  "Life  and  Voyages  of  Columbus," 
volume  one,  page  291,  thus  refers  to  the  effect  pro- 
duced on  Columbus  and  his  companions  when  theyuuf?of 
first  noted  that  the  magnetic  needle  was  apparently  on  th?  us 

«  ..        «.         . .  variation  of 

losing  its  directive  power:  the  compass 

"On  the  13th  of  September,  1492,  he  [Columbus]  nee 
perceived  about  nightfall  that  the  needle,  instead  of 
pointing  to  the  north  star,  varied  about  one-half  a 
point,  or  between  5°  and  6°,  to  the  northwest,  and 
still  more  on  the  following  morning.  Struck  with 
this  circumstance,  he  observed  it  attentively  for 
three  days,  and  found  that  the  variation  increased  as 
he  advanced.  He  at  first  made  no  mention  of  this 
phenomenon,  knowing  how  ready  his  people  were  to 
take  alarm;  but  it  soon  attracted  the  attention  of 
the  pilots,  and  filled  them  with  consernation.  It 
seemed  as  if  the  laws  of  nature  frere  changing  as 
they  advanced,  and  that  they  were  entering  into  an- 
other world,  subject  to  unknown  influences.  They 
apprehended  that  the  compass  was  about  to  lose  its 
mysterious  virtues,  and  without  this  guide,  what  was 
to  become  of  them  in  a  vast  and  trackless  ocean? 
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Columbus  tasked  his  science  and  ingenuity  for  rea- 
sons with  which  to  allay  their  terrors.    He  told  them 
that  the  direction  of  the  needle  was  not  to  the  polar 
star,  but  to  some  fixed  and  invisible  point     The 
uS?1©?*"    variation  was  not  caused  by  any  failing  in  the  com- 
as°to2£L  pass,  but  by  the  movement  of  the  North  Star  itself, 
tt  S^m?  which  like  the  other  heavenly  bodies,  had  its  changes 
pawncedie.  an(|  revoiutjons>  a^j  every  day  described  a  circle 

round  the  pole.  The  high  opinion  that  the  pilots  en- 
tertained of  Columbus,  as  a  profound  astronomer, 
gave  weight  to  his  theory,  and  their  alarm  subsided" 

If  a  magnetic  needle  is  mounted  so  as  to  be  able 
inclination  to  move  freely  in  a  vertical  as  well  as  in  a  horizontal 
magnSic  e  plane,  it  will  not  remain  in  its  horizontal  position 
like  an  ordinary  compass  needle,  but  will  incline  or 
dip  toward  the  earth.  This  deviation  is  called  the 
inclination  or  dip  of  the  magnetic  needle.  This  in- 
clination was  discovered  in  1576,  by  Robert  Norman, 
a  practical  optician  of  London.  Norman  noticed 
the  dip  or  inclination  of  the  needle  at  this  time  was 
nearly  720. 

Norman,  thus  describes  his  discovery  of  the  dip  of 
the  needle: 

"Having,"  says  he,  "made  many  and  divers  com- 
passes, and  using  always  to  finish  and  end  them  be- 
Norman'a   fore  I  touched  the  needle,  I  found  continually  that 

discovery 

of  the  dip  after  I  had  touched  the  yrons  [irons]  with  the  stone, 

magnetic    that  presently  the  north  point  thereof  would  bend 

London,    or  decline  downward  under  the  horizon  in  some 

in  1576.  '    quantity ;  inasmuch,  that  to  the  flie  of  the  compass, 

which  before  was  made  equal,  I  was  still  constrained 

to  put  some  small  piece  of  wax  in  the  south  part 

thereof  to  counterpoise  this  declining,  and  to  make  it 

equal  again. 

"Whkh  effect  having  many  times  passed  my 
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hands  without  any  great  regard  thereunto,  as  igno- 
rant of  any  such  property  in  the  stone,  and  not  hav-  How  Nor. 
ing  heard  or  read  of  any  such  matter ;  it  chanced  at  ?maSS!u?  , 
length  that  there  came  to  my  hands  an  instrument  gj^! in 
to  be  made  with  a  needle  of  six  inches  long,  which  pSJSfft 
needle,  after  I  had  polished  and  cut  off  at  justp^orTn- 
length  and  made  to  stand  level  upon  the  point,  sOthl?S5th. 
that  nothing  rested,  but  only  touching  of  it  with  the 
stone;  when  I  had  touched  the  same  presently  the 
north  part  thereof  declined  down  in  such  sort  that 
being  constrained  to  cut  away  some  of  that  part,  and 
to  make  it  equal  again,  in  the  end  I  cut  it  too  short, 
and  so  spoiled  the  needle  wherein  I  had  taken  so 
much  pains. 

"Here  by  being  stroken  into  some  choler,  I  ap- 
plied myself  to  seek  further  into  this  effect,  and  mak- 
ing certain  learned  and  expert  men  (my  friends) 
acquainted  in  this  matter.  They  advised  me  to 
frame  some  instrument,  and  to  make  some  exact 
trial  how  much  the  needle  touched  with  the  stone 
would  decline,  or  what  greatest  angle  it  would  make 
with  the  plane  of  the  horizon." 

The  variation  of  the  compass  was  known  to  the 
Chinese  long  before  the  time  of  Columbus.     In  a 
Chinese  book  on  Medicine  and  Natural  History,  by  vZiLSon  of 
Keu-tsoung-Chy,  written  about  a.d.  iiii,  the  f ol- nee^ui*88 

-        .  to         J'  '  Chinese  at 

lowing  occurs:  about 

"When  a  steel  point  is  rubbed  with  a  magnet  jt"IIAD' 
acquires  the  property  of  pointing  to  the  south :  yet 
it  declines  always  to  the  east,  and  hence  does  not 
point  straight  to  the  south.  If  the  needle  be  passed 
through  a  wick  (made  of  rush)  and  placed  on  water 
it  will  also  indicate  the  south,  but  with  a  continual 
inclination  toward*  a  point  'ping/  or  five-sixths  to 
the  south."  This  was  the  variation  at  Pekin  at  the 
time  the  observation  was  made. 
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The  first  published  notice  of  the  production  of 
Marn*dxa-  magnetism  in  a  bar  of  iron  by  a  lightning  stroke 
b?«2th™  was  made  by  Gassendi  in  1630,  who  notes  that  a  bar 
SSfd  by8m'  °*  *ron  which  had  been  in  the  same  position  for 
itrok*!11*    many  years  and  had  been  struck  by  lightning,  pos- 
sessed magnetic  properties.     We  now  know  that 
either  the  lightning  or  the  mere  resting  of  the  iron 
on  the  earth  might  have  magnetized  the  bar. 

The  mysterious  power  possessed  by  the  lodestone 
to  act  at  a  distance  has  led  to  majiy  curious  sugges- 
tions as  to  what  might  be  possible.     In  a  publica- 

Wilkins  in 

"These-    tion  entitled,  "The  Secret  and  Swift  Messenger,"  by 
IwiftMes-  Bishop  Wilkins,  the  suggestion  of  one  Famianus 

senger."       _         , *    .  oa 

Strada  is  given : 

"Let  there  be  two  needles  provided  of  an  equal 

Length  and  Bigness,  being  both  of  them  touched  by 
curious  the  same  lodestone;  let  the  Letters  of  the  Alphabet 
invention  of  be  placed  on  the  Circles  on  which  they  are  moved, 

Famianus 

strada.  as  the  Points  of  the  Compass  under  the  needle  of  the 
Mariner's  Chart.  Let  the  Friend  that  is  to  travel 
take  one  of  these  with  him,  first  agreeing  upon  the 
Days  and  Hours  wherein  they  should  confer  to- 
gether; at  which  times,  if  one  of  them  move  the 
Needle,  the  other  Needle,  by  Sympathy,  will  move 
unto  the  same  letter  in  the  other  instantly,  though 
they  are  never  so  far  distant;  and  thus  by  several 
Motions  of  the  Needle  to  the  Letters,  they  may 
easily  make  up  any  Words  or  Sense  which  they 
have  a  mind  to  express." 

Additional  historical  references  to  different  dis- 
of  eaffy ny  coveries  and  inventions  in  the  early  history  of  mag- 
leflreniandnetism  will  be  made  under  their  proper  heads  in  dit- 
to* early  ferent  parts  of  this  book.  It  >frill  be  interesting, 
o? SJI£  ge  however,  before  closing  this  chapter  on  the  early  his- 
tory of  magnetism,  to  refer  briefly  to  some  myths, 
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legends  and  folk-lore  concerning  early  ideas  regard- 
ing this  extremely  interesting  branch  of  physical 
science.  As  regards  the  lifting  power  of  magnets, 
Guillemin,  in  his  "Electricity  and  Magnetism,"  states,* 
that  according  to  Pliny,  when  Ptolemy  Philadelphia 
and  Dihochares,  his  architect,  had  prepared  for 
Queen  Arsinoe  the  plan  of  a  temple,  they  arranged 
to  have  the  entire  arch  built  of  lodestone,  so  that  an 
iron  statue  of  the  Goddess  should  remain  suspended 
to  the  ceiling  by  simple  contact. 

St.  Augustine  states  that  in  certain  countries  the 
P^gan  priests,  in  order  to  deceive  the  people,  had  uneAoUifdt 
placed  strong  magnets,  both  in  the  arch  of  the  tern-  SaSTced 
pie  and  in  the  floor  directly  below  the  arch,  so  that  p?ta22an 
the  two  opposite  attractions  held  suspended  in  midair 
an  iron  statue  without  any  apparent  means  of  sup- 
port. 

The  legend  of  Mahomet's  coffin,  which  was  made 
of  iron,  being  suspended  from  the  ceiling  of  the  Legend  of 
mosque  in  which  he  was  buried,  is  known  to  nearly  Joffin.mets 
all.  Another  statement  refers  to  this  coffin  as  being 
held  in  mid-air,  with  no  visible  means  of  support,  by 
means  of  magnets  placed  both  in  the  ceiling  and1 
floor,  directly  above  and  under  the  iron  coffin. 

Somewhat  in  this  same  line,  an  early  account  is 
given  fn  a  quaint  book  published  in  1708,  by  John 
Wilkins,  Bishop  of  Chester,  and  taken  from  volume 
II.  of  "Kircher  de  Arte  Magnetica,"  describing  in 
detail  a  toy  well  known  to-day  in  philosophical  cabi-  An  actual 
nets.  "Get  a  Glass  Sphere,  fill  it  with  such  Liquors  ho™*tt8 
as  may  be  dear  of  the  same  Colours,  immixable,  such 
as  Oyf  of  Tartar  or  Spirit  of  Wine;  In  which  it  is 
easie  so  to  poise  a  little  (iron)  Globe  or  other  statue, 
that  it  shall  swim  in  the  Centre.    Under  this  Glass 
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Sphere  there  should  be  a  lodestone  concealed  by  the 
Motion  of  which  this  statue  (Having  a  Needle 
touched  within  it),  and  may  be  constrained  to  show 
the  Hour  or  Sign." 

The  following  examples  taken  from  common 
legend,  or  folk-lore,  show  how  common  was  a  be- 
lief in  the  occasional  existence  of  unusually  large 
masses  of  lodestone  in  certain  parts  of  the  earth.  The 
following  is  mentioned  by  Guillemin  in  his  "Elec- 
tricity and  Magnetism" : 

"Tales  of  another  kind  show  how  people  were  as- 
tonished by  the  curious  property  of  magnetic  attrac- 
tion. 'The  celebrated  astronomer  and  geographer, 
Ptolemy,  says,  from  public  report,  the  truth  of  which, 
oftK?  4  by  the  way,  he  does  not  warrant,  that  the  ships  which 
SdeJtonc.0  go  to  the  Manioles  Isles  would  have  been  held  there 
if  they  had  not  taken  the  precaution  in  building  them 
to  use  bolts  of  wood  instead  of  iron  nails.  Ptolemy 
asks  if  this  was  caused  by  the  large  mines  of  lode- 
stone in  the  islands?'  After  Ptolemy  has  assigned 
the  position  of  the  Manioles,  between  Taprobanus 
and  the  Golden  Chersonese  (Ceylon  and  Malacca), 
they  without  doubt  are  in  the  archipelago  of  Anda- 
man or  Nicobar.  'According  to  Pliny  there  are  near 
the  Indus  two  mountains,  one  of  which  attracts  iron 
and  the  other  repels  it ;  at  a  certain  position  a  trav- 
eller who  has  nails  of  iron  in  his  boots  on  one  of  the 
mountains  can  not  place  his  feet  on  the  ground, 
while  on  the  other  his  feet  remain  fixed  to  the 
ground.1 


9    » 


The  following  is  taken  from  that  charming  corn- 
el*0    bination  of  vivid  Eastern  imagination,  early  myths, 


sto 
A 


a  ^  mo    an(*  cur*ous  folk-lore,  called  the  Arabian  Nights.  We 
cawfb*      rc*er  t0  *e  ^ventures  of  Agib,  son  of  King  Cassib, 
as  told  in  the  story  of  the  Third  Royal  Calender. 
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Agib  tells  of  a  storm  which  drove  the  ship,  on 
winch  he  was  a  passenger,  out  of  its  course,  and 
brought  it  within  the  alleged  attractive  power  of  a 
mountain  of  lodestone ;  but  we  prefer  to  let  Agib  tell 
his  own  story. 

"  'Alas  F  cried  the  pilot,  'the  tempest  which  we 
have  outlived,  has  so  driven  us  from  our  track,  that 
by  mid-day  to-morrow,  we  shall  find  ourselves  near  consterna- 
that  blackness,  which  is  a  mountain  consisting  en-pEt1*" 
tireiy  of  a  mass  of  lodestone,  that  will  soon  attract 
our  fleet,  on  account  of  the  bolts  and  nails  in  the 
drips.  To-morrow,  when  we  shall  have  come  with- 
in a  certain  distance,  the  power  of  the  lodestone  will 
be  so  violent,  that  all  the  nails  will  be  drawn  out,  and 
fastened  to  the  mountain :  our  ships  will  then  fall  in 
pieces  and  sink.  As  it  is  the  piupeily  of  a  lode- 
stone to  attract  iron,  and  at  the  same  time  to  in- 
crease its  own  power  by  this  attraction,  the  mountain 

Tale  of  th« 

toward  the  9ea  is  entirely  covered  with  nails  that  be-  terrible. 
longed  to  the  infinite  number  of  ships,  which  it  has  lodestone. 
been  the  means  of  destroying ;  and  this,  at  the  same 
time,  both  preserves  and  augments  the  power  of  its 
agency. 

"  'This  mountain/  continued  the  pilot,  'is  very 
steep ;  and  on  the  summit  there  is  a  large  dome  made 
of  fine  bronze,  which  is  supported  upon  columns  of 
the  same  metal.  Upon  the  top  of  the  dome  there  is 
also  a  bronze  horse  with  the  figure  of  a  man  upon  it. 
A  plate  of  lead  covers  his  breast,  upon  which  there 
are  some  talismanic  characters  engraven ;  and  there 
is  a  tradition,  Sire/  added  he,  'that  this  statue  is  the 
principal  cause  of  the  loss  of  so  many  vessels  and  How 
men  as  have  been  drowned  in  this  place,  and  will^e*00* 

r  mountain 

never  cease  from  being  destructive  to  all  who  shall  J?**8 
have  the  misfortune  to  approach  it,  until  it  be  over- 
thrown/    The  pilot  having  finished  his  speech  re- 
newed his  tears,  which  excited  those  of  the  whole 
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crew.  For  myself,  I  did  not  doubt  that  I  had  ar- 
rived at  the  end  of  my  days.  Every  individual  now 
only  thought  of  his  own  preservation,  and  used 
every  possible  means  conducive  to  that  end:  and, 
during  the  uncertainty  of  the  event,  they  all  ap- 
pointed, by  a  sort  of  will,  the  survivors,  if  any 
should  be  saved,  the  heirs  of  the  rest. 

"The  next  morning  we  distinctly  perceived  the 
black  mountain ;  and  the  idea  we  had  formed  of  it 
made  it  appear  still  more  dreadful  than  it  really  was. 
Arrival  at  About  mid-day  we  found  ourselves  so  near  it,  that 
£S^oun-we  began  to  perceive  what  the  pilot  had  foretold. 
deMrwftto  We  saw  the  nails  and  every  other  piece  of  iron  be- 
of  the  fleet.  iongjng  to  the  vessels,  fly  toward  the  mountain, 

against  which,  by  the  violence  of  the  magnetic  at- 
traction, they  struck  with  a  horrible  noise.  The  ves- 
sels in  a  little  time  fell  to  pieces  and  sunk  to  the  bot- 
tom of  the  sea ;  which  was  so  deep  in  this  place  that 
we  could  never  discover  the  bottom  by  sounding. 
All  my  people  were  lost ;  but  God  had  pity  upon  me, 
and  suffered  me  to  save  myself  by  laying  hold  of  a 
plank,  which  was  driven  by  the  wind  directly  to  the 
foot  of  the  mountain." 
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CHAPTER  XV 

MAGNETIC  ATTRACTIONS  AND  REPULSIONS 

"  'Twas  thus,  if  ancient  fame  the  truth  unfold, 
Two  faithful  needles,  from  the  informing  touch 
Of  the  same  parent  stone,  together  drew 
Its  mystic  virtue,  and  at  first  conspired 
With  fatal  impulse  quivering  to  the  pole." 

—Pleasures  of  Imagination:  Akenside 

AS  we  have  already  seen,  the  mysterious  power 
possessed  by  the  lodestone,  of  attracting  and 
drawing  to  it  particles  of  iron,  while  it  ap- 
parently was  indifferent  to  all  other  substances,  drew 
the  attention  of  the  curious  to  these  phenomena  at 
a  very  early  date.     Indeed,  even  in  our  time  this  SSiS0^ 
power  still  causes  much  wonderment,  a  wonder-  ££e?Jof 
ment  which  is  intensified  by  the  power  of  the  magnet  Snf2x'l8m 
to  apparently  reach  across  empty  space  and  act  onl8tlD*' 
bodies  situated  at  fairly  considerable  distances.  This 
latter-day  wonderment  of  the  world,  at  the  action  of 
magnetism,  is  not  surprising  when  we  remember 
that,  although  much  has  been  learned  concerning  the 
action  of  this  mysterious  force,  yet  even  to-day  we 
are  almost  as  far  as  ever  from  knowing  certainly  its 
exact  nature. 

One  of  the  simplest  ways  to  show  the  power 
possessed  by  the  lodestone  to  attract  and  draw  iron 
toward  it,  is  to  roll  a  lodestone  in  iron  filings,  which 
will  then  be  drawn  to  the  stone,  and  adhere  to  it  in 
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tufts,  as  shown  in  Fig.  79.  Here  an  examination 
of  the  stone  will  show  that  the  filings  have  collected 
mainly  at  the  two  opposite  ends,  few  or  none  col- 


t  produced  in  a  small  specimen  of  lodestone  by  rolling 
It  in  iron  filings.  Note  the  fact  that  the  filings  collect  mainly  on  the  two  opposite 
ends  only.  These  ends  show  the  position  of  the  Nand  S  poles  of  the  lodcstone. 

Appearance  lecting  at  intermediate  points  on  the  surface.  These 
*tone  pVo.  two  ends  where  the  filings  collect  are  called  the  poles 
rauSVft  of  the  lodestone,  and  are  called  respectively  the 
filing!       north  and  south  poles,  according  to  the  direction  in 


k  of  lodcstone  suspended  by  ; 
1  directive  tendency,  or  the  fact  that  such  a  stone  come 
N  points  approximately  to  the  geographical  north. 


which  the  poles  or  ends  will  point.  If  the  lodestone 
souSjSei  be  suspended  by  a  string,  as  shown  in  Fig.  80,  so 
of  ?«£?*  '  as  to  be  free  to  move,  the  pole  which  points,  approxi- 
wone-       mately,  to  the  geographical  north  is  called  the  north. 
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pole  of  the  lodestone,  and  the  other  pole  the  south 
pole.  Small  iron  nails,  tacks,  or  steel  needles  may 
be  employed  in  place  of  the  iron  filings  in  the  above 
experiment. 

In  order  to  obtain  the  best  attractive  effects  from 
a  lodestone  it  is  customary  to  mount  on  its  poles 
pieces  of  soft  iron,  as  shown  in  Fig.  81.    Here  the^^ne 
lodestone  is  placed  in  the  frame  consisting  of  some  JESSSt 
non-magnetic  material,  like  copper,  and  is  armed  { 
at  its  two  poles  with  plates  of  soft  iron.    A  is  the 
lodestone,  and  B,  B  are  two  plates  of  soft  iron 


iron  arma- 
ture. 


Fio.  81.— Lodestone  with  plates  of  soft  iron  placed  against  its  poles,  bent 
inward,  and  provided  with  an  armature  of  soft  iron.  Note  that  the  soft-iron 
plates  B,B  bring  the  opposite  poles  nearer  together,  so  that  both  of  these  poles 
attract  the  soft  iron  of  the  armature. 

placed  against  its  opposite  poles  with  the  lower  ends 
turned  inward,  as  shown.  The  north  and  south 
poles,  thus  brought  near  together  at  the  lower  end  of 
the  magnet,  are  provided  with  a  plate  of  soft  iron 
called  the  armature.  The  ring  R,  at  the  top,  is 
provided  for  suspending  the  magnet.  A  hook  is 
placed  at  the  lower  end  of  the  armature,  on  which  is 
hung  the  weight  the  magnet  is  to  carry. 


As  we  have  seen,  when  a  piece  of  hardened  steel 
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is  rubbed,  stroked,  or  touched  by  either  of  the  poles 
of  a  lodestone  it  at  once  acquires  the  properties  of  a 
iX  magnet.  Magnets  obtained  in  this  manner  are  called 
artificial  magnets,  in  order  to  distinguish  them  from 
lodestones,  or  natural  magnets. 

Artificial  magnets  are  made  in  a  variety  of  shapes. 
The  simplest  of  these  is  the  bar  magnet.  Such  mag- 
nets are  generally  so  touched  or  stroked  as  to  cause 
their  north  and  south  poles  to  come  at  the  opposite 
extremities  of  the  bar.     In  order  to  increase  the 


strength  of  the  poles,  artificial  magnets  are  often 
made  by  combining  a  number  of  separate  magnets 
made  of  thin  plates  of  hardened  steel,  with  their  like 
poles  placed  together.  Such  magnets  are  called  com- 
com      d  pound   magnets,   or   magnetic   batteries.    A   com- 
Hj«*»««ot  pound  bar  magnet  is  shown  in  Fig.  82.    Here  all  the 
iwuerits.    north  poles  are  placed  over  one  another,  and  pro- 
vided with  a  single  armature  N,  and  all  the  south 
poles  similarly  placed  together,  and  provided  with 
the  single  armature  S.     Compound  magnets  will 
carry  a  greater  weight  than  will  single  magnets  of 
the  same  weight.    This  method  of  increasing  the 
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strength  of  magnets  was  first  proposed  by  Scoresby.  jMmwB 
Jamin,  of  Paris,  has  produced  very  powerful  lami-  SaSS**1 
nated  or  compound  magnets. 

When  a  bar  magnet  is  bent  so  as  to  bring  its  oppo- 
site poles  near  together,  it  forms  what  is  called  a 
horseshoe  magnet,  so  named  on  account  of  its  shape,  compound 
This  is  a  very  common  form  of  artificial  magnet.  A  nfagnet!* 
horseshoe  magnet  will  bear  a  much  greater  weight 
than  an  ordinary  magnet  of  the  same  size,  on  ac- 


Pig.  83.— Compound  Horseshoe  Magnet,  or  Magnetic  Battery.  The  armature 
A  ia  acted  on  by  the  magnetic  poles  S  and  N. 

count  of  its  opposite  poles  being  brought  nearer  to- 
gether, so  as  to  permit  both  poles  to  act  on  the  arma- 
ture, or  on  the  mass  of  soft  iron  that  may  be  brought 
near  it.  The  compound  horseshoe  magnet  is  shown 
in  Fig.  83. 

In  order  to  study  the  power  of  magnets  to  both  at- 
tract and  repel  other  magnets,  a  form  of  magnet  Mj 
called  a  magnetic  needle  is  employed.    This  consists, neeaie- 
as  shown  in  Fig.  84,  of  a  thin,  slender  bar  of  hard- 
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ened  steel,  tapering  at  its  ends,  and  so  magnetized  as 
to  produce  its  north  and  south  polarity  at  these  ends. 
This  needle  is  provided  at  its  centre  with  a  cap  of 
glass,  agate,  or  other  hardened  material,  which  will 
enable  it  to  he  supported  on  a  needle  point,  so  as 
to  move  with  very  little  friction.     When  such  a 
uuEuE    magnetic  needle  is  placed  on  its  supporting  pivot,  it 
roppJrtedT  will,  if  not  in  the  neighborhood  of  some  other  mag- 
neSfief*    net  or  mass  of  iron,  come  to  rest  in  a  horizontal  posi- 
tion, with  its  north  end  or  pole  pointing,  approxi- 
mately, to  the  geographical  north.    This  tendency  of 


Pig.  6*.— Magnetic  Needle.    The  agate  or  glass  cup  fe 
of  the  needle,  so  at  to  support  the  needle  in  a 
point,  as  shown  in  the  lower  part  of  the  figure. 


atthecentxe 
ion  on  a  needle 


a  freely  movable  magnetic  needle  to  thus  point,  ap- 
proximately, to  the  geographical  north,  is  called  the 
directive  tendency  of  the  magnetic  needle.  Such  a 
needle  constitutes  practically  a  mariner's  compass. 

A  bar  of  soft  iron  brought  near  to  either  pole  of  a 
magnetic  needle  at  rest,  will  attract,  or  draw  the 
needle  toward  it,  no  matter  to  which  pole  of  the 
needle  it  is  first  approached.  Now  suppose  there 
are  two  needles,  each  mounted  on  its  pivot,  and  far 
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enough  apart  for  each  to  point,  approximately,  to  the 
geographical  north.    Lift  one  of  these  needles  from 
its  support  and  hold  it  in  the  hand.    Now,  calling  as 
before  those  ends  of  the  needles  which  point,  ap- 
proximately, to  the  geographical  north,  their  north 
poles,  and  the  opposite  ends  their  south  poles,  if  we 
bring  the  north  pole  of  the  needle  held  in  the  hand  S^mE?1 
near  the  north  pole  of  the  supported  needle  a  repul-  LaeUsm;ma*" 
sion  will  take  place.    If  we  approach  the  south  pole  Signet* 
of  the  needle  held  in  the  hand  to  the  north  pole  of  SSduntSfi' 
the  supported  needle  an  attraction  will  take  place.  JSSat- 
In  the  same  way  the  two  south  poles  will  repel  SKS?.**0 
each  other,  while  the  north  pole  of  the  needle  held  in 
the  hand  will  attract  the  south  pole  of  the  supported 
needle.    In  other  words,  we  have  demonstrated  the 
first  law  of  magnetism ;  viz.,  that  magnetic  poles  of 
the  same  name  repel  each  other,  and  that  magnetic  - 
poles  of  opposite  names  attract  each  other. 

If  a  straight  bar  magnet  be  rolled  in  iron  filings 
the  filings  will  collect,  as  shown  at  A  in  Fig.  85,  at 
or  near  the  poles  S  and  N  only,  and  a  space  will  be 
left  in  the  middle  of  the  bar  that  is  devoid  of  iron 
filings.     Moreover,  if  a  small  magnetic  needle  be 

f  .         '  *  Distribu- 

used  as  a  variety  of  magnetic  explorer,  to  movetionof 
along  the  bar  magnet  from  one  pole  to  the  other,  ISYbar 
without  touching  the  bar,  it  would  seem  as  if  one  en-  tcrmincd 
tire  half  of  the  bar  magnet,  from,  say  the  north  end  means  of 
to  the  middle  of  the  bar,  possessed  north  magnet-  and  bv  the 
ism  only,  and  the  other  half,  south  magnetism  only ;  magnetic 
since,  from  the  north  end  to  the  middle  point,  the  needle, 
south  end  of  the  exploring  needle  will  point  to  the 
bar  magnet,  while  the  other  half  will  appear  to 
possess  south  magnetism  only,  since  through  all  this 
half  the  north  end  of  the  exploring  magnet  points  to 
the  bar.    The  middle  of  the  magnet  only  seems  to 
possess  no  magnetism,  and  is,  therefore,  called  the 
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Impossi- 
bility of 

obtaining 
a  magnet 
with  one 
pole  only, 
or  a  uni- 
polar 
magnet. 


neutral  point  of  the  magnet,  or  the  magnetic  equator. 
Moreover,  it  would  appear  that  the  magnetism  of 
the  bar  magnet  is  strongest  at  its  ends,  and  decreases 
in  strength  gradually  toward  this  neutral  point  or 
equator. 

It  would  seem,  therefore,  to  be  an  easy  thing  to 
obtain  a  magnet  of  a  single  polarity  only,  that  is,  a 
magnet  possessing  the  north  or  south  magnetism 
only.  On  trial,  however,  it  was  found  that  this  could 
not  be  done;  for,  if  such  a  bar  magnet  were  sud- 
denly divided  or  cut  into  two  equal  parts,  it  was 
found  that  the  separated  magnets,  instead  of  pos- 
sessing north  or  south  magnetism  only,  possessed 


Pig.  86.— Polarity  of  Bisected  Magnet  Note  that  the  neutral  point  where 
the  magnet  is  cot  or  divided  now  shows  two  opposite  poles,  of  magnetic 
strength  equal  to  that  at  their  far  ends,  as  Indicated  by  the  amount  of  iron 
filings  at  both  ends  of  the  bisected  magnets. 

magnetic  poles  at  the  cut  extremities,  as  strong  as  at 
their  opposite  ends,  and,  that  if  such  cut  magnets 
were  rolled  in  iron  filings  the  filings  would  collect  in 
as  great  a  mass  at  the  cut  ends  as  at  their  other  ex- 
tremities. This  is  represented  in  Fig.  85,  where  a 
single  bar  magnet  at  A  possesses  two  poles,  south 
and  north,  as  shown  by  the  collection  of  iron  filings. 
When,  however,  this  bar  is  cut  into  halves,  each  of 
these  halves,  as  shown  in  the  figure  at  B,  possesses 
poles  of  equal  strength,  s  and  n,  at  the  extremities, 
and  the  same  is  true  if  this  half  be  cut  into  quarters, 
as  shown  at  C  and  D.     It  is  impossible,  therefore,  to 
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obtain  a  unipolar  magnet,  or  a  magnet  possessing  one 
polarity  only;  i.e.,  north  magnetism  or  south  mag- 
netism only.  No  matter  how  small  a  magnet  may  be, 
if  it  possess  north  polarity  it  must  at  the  same  time 
possess  the  opposite  or  south  polarity. 

But,  while  it  is  impossible  for  a  magnet  to  have 
a  single  pole  only,  it  is  apparently  not  impossible  for  Anomalous 
a  magnet  to  possess  three,  five,  or  any  odd  number  SSSIiy 
of  separate  poles.    This,  however,  is  only  apparently  jSwt" 
the  case,  for  such  magnets  are  in  reality  formed  by 
two  or  more  magnets  with  their  like  poles  placed  to- 
gether, when,  of  course,  the  resulting  magnet  must 


Pig.  86. — So-called  anomalous  magnets,  with  three  and  four  poles  respectively. 


necessarily  possess  twice  as  many  poles  as  the  num- 
ber of  separate  magnets  so  placed  together.  This 
is  shown  in  Fig.  86,  where,  at  the  top  of  the 
figure,  two  separate  magnets,  AB  and  BC,  are 
placed  with  their  two  south  poles  together.  There 
is  thus  produced  a  magnet  with  apparently  three 
poles  only,  but  a  more  careful  examination  will  show 
that  in  reality  the  magnet  possesses  four  poles, 
since  the  central  pole  consists  of  two  opposed  south 
or  —  poles.  Such  a  magnet  is  sometimes  called  an 
anomalous  magnet,  from  the  apparent  anomaly  of 
the  magnet  possessing  an  odd  number  of  poles.  In 
the  same  way,  at  the  bottom  of  the  figure,  is  shown 
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how  three  separate  magnets,  placed  together,  will 
produce  not  six  poles,  but  four  poles  only,  since  two 
of  the  intermediate  poles;  i.e.,  those  at  B  and  C,  con- 
sist of  two  similar  —  or  south  poles  at  B,  and  two 
similar  +  or  north  poles  at  C.  It  will  be  noticed 
here  that  in  magnetism,  a  positive  or  north  polarity, 
like  a  positive  charge  of  electricity,  is  represented 
by  a  plus  sign,  +,  and  a  negative  or  south  polarity, 
like  a  negative  charge  of  electricity,  by  the  minus 
sign,  — . 

We  have  seen  that  when  either  a  piece  of  hardened 

foSSScS.   steel,  or  a  piece  of  soft  iron,  is  brought  into  contact 

with  the  pole  of  a  magnet  it  is  made  to  receive 


Pig.  87. — Magnetic  Induction.    Note  that  an  opposite  polarity  is  produced  by 
induction.    Magnetic  induction  invariably  precedes  magnetic  attraction. 

magnetism.     It  is  not,  however,  necessary  that  the 
two  metals  be  brought  into  actual  contact.    The  piece 
of  steel  or  iron  will  become  a  magnet  if  it  be  merely 
brought  into  the  neighborhood  of  the  magnet  with- 
out touching  it.     If,  for  example,  as  in  Fig.  87,  a 
bar  of  unmagnetized  steel,  N  S,  be  brought  near  a 
bar  magnet,  n  s,  it  will  without  touching  it  have  a 
north,  or  plus,  pole,  N,  produced  at  the  end  nearest 
the  south,  or  minus,  pole  of  n  s,  as  may  be  shown  by 
sprinkling  iron  filings.    Here  an  opposite  pole,  S,  is 
tkmSfint"  also  produced  at  the  end  furthest  from  N,  but  not 
?ameioph£e  indicated  in  the  figure  by  the  presence  of  iron  filings. 
m^SneSSi*  The  production  of  magnetism  in  this  way  is  called 
ttwch?      induction,  and  the  magnet,  n  s,  is  called  the  inducing 
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magnet,  and  is  said  to  induce  magnetism  in  the  bar 
N  Sw  The  nearer  we  bring  the  two  bars  together  the 
more  powerful  are  the  effects  produced  by  induction. 
When  they  touch  one  another  these  effects  are  great- 
est. The  production  of  magnetism  by  touch  is, 
therefore,  only  a  case  of  the  production  of  magnet- 
ism by  induction. 

In  the  case  of  magnetic  induction  just  described, 
the  medium  between  the  inducing  and  the  induced 
magnets  was  the  air.    Many  other  media,  however, 
permit  magnetic  induction  to  take  place  through  Magnetic 
them ;  for  example,  a  bar  magnet  will  readily  induce  JJUSbie11 
magnetism  through  a  sheet  of  glass  or  through  a  gian^cniiia, 
china  plate,  a  wooden  board,  or  several  sheets  of w    * 
paper.    In  this  respect  it  is  like  electro-static  induc- 
tion, which,  as  we  have  seen,  can  take  place  through 
glass,  sulphur,  shellac,  hard  rubber,  and  a  number  of 
other  dielectrics. 

Hardened  steel  and  soft  iron  are  not  the  only 
metals  that  can  receive  magnetism  by  induction.^ 

°  ,  The  m&ff- 

The  following  metals  are  also  readily  magnetized,  jedc 
viz.,  nickel,  cobalt,  chromium,  cerium,  and  man- 
ganese. 

Both  soft  iron  and  hardened  steel  can  readily  be 
magnetized.  They  differ,  however,  in  this  respect, 
that  while  soft  iron  receives  its  magnetism  very 
readily,  it  also  immediately  loses  its  magnetism  as 
soon  as  it  is  removed  from  the  magnetizing  pole; 
On  the  contrary,  hardened  steel,  although  more  diffi- 
cult to  magnetize,  yet  retains  its  magnetization  prac- 
tically for  an  indefinite  time  after  its  removal  from 
the  magnetizing  pole.  The  ability  of  substances  to  Magnetic 
retain  their  magnetism  is  called  their  magnetic  re-  J^SjjSSc 
tentivity,  or  magnetic  memory.     It  was  formerly  memory- 
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called  coercive  force.  The  magnetic  retentivity  of 
soft  iron  is  very  small.  In  other  words,  its  magnetic 
memory  of  its  past  magnetic  condition  is  small.  The 
magnetic  retentivity  of  hardened  steel,  however,  is 
great.  Changes  of  temperature  alter  the  magnetic 
retentivity.  If  a  piece  of  hardened  steel  be  annealed, 
if^mjSfrap  *•*.,  heated,  and  then  permitted  to  cool  slowly,  so  as 
SS^tic  to  become  soft,  its  magnetic  retentivity  decreases. 
SfKS^  On  the  other  hand,  if  it  be  highly  heated  and  then 
quickly  cooled  by  placing  it  suddenly  in  cold  water, 
it  becomes  hardened,  and  its  magnetic  retentivity 
increases. 

The  readiness  with  which  soft  iron  both  receives 
and  parts  with  its  magnetism  is  shown  by  the  fol- 


and  steel. 


Pig.  88.— Experiment  of  the  pendent  chain,  showing  the  very  small  magnetic 
memory  of  soft  iron.  When'  the  upper  ring  is  separated  from  the  supporting 
magnet  pole,  all  the  rings  instantly  forget  that  they  had  been  magnetized  and 
drop  apart  from  one  another. 

lowing  experiment.     Suspend  a  small  piece  of  soft 
iron,  such,  for  example,  as  a  ring,  to  one  of  the  poles 
showing6111  of  a  bar  magnet,  as  shown  in  Fig.  88.    From  this 
mastic    a  number  of  separate  rings  may  be  successively  sus- 
ofMftlron.  pended,  as  shown  in  the  figure.    As  soon  as  the  ring 
is  brought  into  contact  with  the  magnet  pole  or  an- 
other ring,  it  becomes  magnetic,  but  when  a  sep- 
aration is  effected  between  the  first  ring  and  the 
magnet  pole  all  the  rings  instantly  lose  their  mag- 
netism, and  no  longer  attract  one  another. 
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In  general  the  strength  of  a  steel  magnet  is  de- 
creased by  an  increase  in  its  temperature.     On  theEftectsof 
contrary,  cooling  a  magnet  generally  increases  itsSKo*" 
strength.  If  the  temperature  of  a  steel  bar  magnet  is  ma*nctiMn- 
raised  too  high,  it  will  lose  all  its  magnetism.    Soft 
iron  can  not  be  magnetised  while  at  a  red  heat.    On 
cooling,  however,  it  again  acquires  the  power  of  be- 
ing magnetized  A  curious  effect  is  noticed  is  an  alloy 
of  steel  and  nickel  consisting  of  three  parts  of  iron  £££" * 
and  one  part  of  nickel.    At  ordinary  temperatures  SmS* 
this  substance  is  non-magnetic,  but  when  heated  toSEf^JJSn 
about  noo°  R  and  then  allowed  to  cool,  it  can  beSpny^Id 
magnetized.    If,  however,  this  cooling  be  carried  be- nickcL 
low  39.2  °  F.  it  becomes  nonmagnetic,  but  can,  how- 
ever, by  reheating  to  noo°  F.  and  subsequent  cool- 
ing, regain  its  ability  to  be  magnetized. 

The  presence  of  certain  substances  in  a  mass  of 
fron  prevents  the  alloy  from  being  magnetized ;  for  presence  of 
example,  an  alloy  of  iron  and  manganese  contain-  SS^SESJT 
ing  J2  per  cent  of  manganese,  and  known  as  man^SS^th« 


ganese  steel,  is  almost  incapable  of  being  magnetized,  prcSS 
although  containing  88  per  cent  of  the  highly  mag*-  present 
netizable  substance,  iron* 
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CHAPTER  XVI 

THEORIES  OF  MAGNETISM.     MAGNETIC   FLUX.     MAG- 
NETIC FORCE 

"If  we  observe  the  lines  of  force  between  two  magnets,  as 
indicated  by  iron  filings,  we  shall  see  that,  whenever  the  lines 
of  force  pass  from  one  pole  to  another,  there  is  attraction 
between  these  poles;  and  where  lines  of  force  from  the  poles 
avoid  each  other,  and  are  dispersed  into  space,  the  poles  repel 
each  other,  so  that,  in  both  cases,  they  are  drawn  in  the  direc- 
tion of  the  resultant  lines  of  force." — Maxwell 

N  1759,  iEpinus  proposed,  for  the  explanation  of 
the  phenomena  of  magnetism,  a  theory  that 
greatly  resembled  Franklin's  single-fluid  theory 
for  electricity.  iEpinus  asserted  that  in  all  magnets 
^pinus's    there  exists  a  peculiar  magnetic  fluid,  the  particles 
theo£  oTd  of  which  are  mutually  repellent,  but  are  attracted  by 
magnetism.  ^  particles  of  iron,  or  other  magnetic  substances ; 
that  all  such  substances  contain  a  certain  amount  of 
this  magnetic  fluid,  which  is  distributed  so  evenly 
throughout  their  mass  that  they  do  not  exhibit  any 
magnetic  properties,  showing  neither  attraction  nor 
repulsion,  because  the  repulsion  existing  between  the 
particles  of  the  magnetic  fluid  is  exactly  balanced  by 
the  attraction  between  the  particles  of  the  magnet- 
ized substance.     When,  however,  such  a  substance  is 
magnetized,  say,  for  example,  a  bar  of  hardened 
steel,  the  magnetic  fluid  is  driven  to  one  end  of  the 
bar,  which  thereby  acquires  north  polarity,  while 
why  any    the  other  end  becomes  of  south  polarity,  on  account 
lf£$SS7  of  the  absence  of  the  magnetic  fluid.    The  fact  al- 
tenawc.11"    ready  mentioned,  as  to  the  impossibility  of  obtaining 
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a  magnet  with  a  single  polarity,  makes  it  impossible 
to  believe  in  any  fluid  theory  of  magnetism. 

In  1780,  Coulomb,  the  inventor  of  the  torsion  bal- 
ance, proposed  a  double-fluid  theory  of  magnetism,  coulomb's 
in  which  he  ascribed  the  cause  of  magnetism  to  two $£££** 
separate  and  distinct  magnetic  fluids,  naturally  pres-  ma*ncti8m- 
ent  in  the  invisible  particles  or  molecules  of  the 
iron.    These  fluids  were  the  boreal,  or  north  mag- 
netic  fluid,    and   the   austral,    or   south    magnetic 
fluid.     The  molecules  of  an  unmagnetized  bar  are 
arranged  in  so  irregular  a  manner  that  the  oppo- 
site polarities  of  the  two  separate  fluids  neutral- 
ize each  other,  but  when  magnetized,  all  these  parti- 
cles are  turned  so  that  their  poles  point  in  one  and 


Fig.  89.— Constitution  of  magnetized  bar,  according  to  Coulomb's  double-fluid 
theory,  showing  the  alignment  of  all  of  its  separate  molecular  magnets. 

the  same  direction,  as  shown  in  Fig.  89,  where  a 
few  only  of  the  innumerable  particles  in  a  bar  mag- 
net are  represented.    A  careful  study  of  such  an  ar- 
rangement of  particles  will  show  that  the  bar  would 
possess  magnetic  polarities  at  its  ends,  and  that  the     * 
magnetic  strength  would  decrease  toward  the  cen- 
tre, where  a  point  of  no  magnetism  would  be  found, 
since  here,  the  opposite  attractions  of  the  separate 
molecular   magnets   would   neutralize  each   other,  coulomb's 
Such  a  theory  would  also  explain  how  a  bar  magnet,  magne^m 
when  suddenly  cut  or  divided  at  its  neutral  point, foruS18 
should  manifest  strong  poles  at  the  cut  portions,  Sfthf11*11* 
since  then  the  opposite  attractions  would  no  longer  magnet, 
neutralize  the  separate  magnets  at  this  point. 
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It  is  impossible  to  believe  in  any  fluid  theory  of 
magnetism,  since  the  ability  of  a  magnet  to  produce 
magnetism  in  other  bodies  by  induction  is  unlimited. 
A  magnet  can  produce  an  indefinite  quantity  of  mag- 
netism in  other  bodies  without  losing  or  parting  with 
any  of  its  own  magnetism.  This  fact  is  inconsistent 
with  the  belief  that  its  cause  is  to  be  ascribed  to  a 
fluid. 

While  Coulomb's  theory,  as  above  described,  has 
been  generally  discredited,  so  far  as  it  attributes  the 
magnetism  of  the  molecules  to  the  presence  of  north 
and  south  magnetic  fluids,  yet,  in  a  modified  form, 
it  has  been  proposed  at  a  much  later  date  by  a  number 
of  physicists,  with,  however,  the  exception  that  the 
molecules,  or  even  the  smaller  particles  of  matter,  are 
weberf      regarded  as  naturally  possessing  magnetism.    Such 
E^SLeLod  are  practically  the  theories  proposed  by  Weber,  Max- 
^3ptheeir    well  and  Ewing.    Ampere,  as  we  shall  see  further  on 
m^rtism.  in  this  book,  when  we  are  better  able  to  understand 
the  phenomena  to  which  he  alludes,  goes  so^far  as  to 
attempt  to  explain  how  the  molecules  or  ultimate  par- 
ticles of  a  magnet  acquire  their  magnetism. 

According  to  all  of  these  theories,  substances  be- 
come magnetized  to  their  full  extent  when  all  the 
molecules  are  turned  or  aligned  in  the  same  direc- 
tion of  par-  tion ;  or,  in  other  words,  the  magnet  is  said  to  be  sat- 
netfettJon    urated,  while  a  partial  magnetization  consists  in  only 
tion.         a  partial  orientation  or  alignment  of  the  molecules. 
The  difference  in  the  behavior  of  soft  iron  and 
hardened  steel  can  also  be  readily  explained  by  this 
theory,  since  in  soft  iron  the  molecules  need  only  be 
supposed  to  be  readily  turned  or  aligned,  while  in 
hardened  steel  they  are  supposed  to  be  turned  or 
aligned  only  with  difficulty.    So,  too,  the  difference 
in  retentivity,  or  coercive  force,  can  also  be  ex- 
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plained,  since  these  molecules  either  return  readily 
or  only  with  difficulty  to  their  undirected  condition, 
after  having  been  magnetized  or  aligned.     The  ef-Why 
fects  of  temperature  can  also  be  explained  by  such  Sj£S£|_of 
theories,  from  the  difference  in  the  ease  with  which  SJ^1 
the  molecules  can  be  aligned  or  caused  to  point  in  retcntivity- 
one  and  the  same  direction.    The  annealing,  as  well 
as  the  hardening  of  the  steel  or  other  magnetizable  JS&d^nd 
substances,  would  also  necessarily  affect  the  readi-  Sec!  dSlr 
ness  with  which  they  both  receive  and  part  with  their  mJSSiic 
magnetism,  from  a  change  in  the  readiness  with'&i* 
which  their  molecules  can  be  turned  by  the  action  of 
the  magnetizing  force. 

There  is,  however,  a  still  more  modern  theory*  of 
magnetism  that  is  gradually  gaifting  ground  among 
scientific  men.     We  say  more  modern  theory,  al- Theory  of 
though,  like  many  such  theories,  it  is  only  an  old  stre^m^U. 
theory  presented  in  a  more  modern  garb.  Briefly,  this  or  vortlcC9, 
theory  ascribes  the  phenomena  of  magnetism  to  the 
presence  of  streamings,  whirlings,  or  vortices  set  up 
by  a  magnet  within  its  entire  mass,  as  well  as  in  the 
ether  surrounding  it. 

Before  entering  more  fully  into  this  theory  of 
magnetism,  a  few  words  will  be  given  here  as  to  the 
early  date  at  which  such  a  theory  was  partially  pro- 
posed.   Cornelius  Gemma  asserted  that,  during  the  Cornelius 

.  -  -  .  .       .    .,  -  Gemma  on 

action  of  a  magnet  on  a  mass  of  iron,  invisible  rays  invisible 
passed  between  the  magnet  and  the  iron.    Plutarch  natin^  from 
thought  that  there  was  an  emanation  which  pro- 
ceeded from  a  magnet.    Descartes  applied  to  mag- 
netism his  theory  of  vortices,  a  theory  in  which  he  theory  of 
supposed  all  space  to  be  filled  with  matter.    That  all  vortices, 
bodies  excited  or  influenced  other  bodies  in  the  space 
around  them  by  setting  up  in  that  space  whirlings  or 
vortices.     It  does  not  appear,  however,  that  Des- 
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cartels  ideas  were  at  all  clear  as  to  just  how  his 
theory  should  be  applied  to  the  phenomena  of  mag*- 
netism. 


Magnetic 
effluvia. 


Boyle  on 
magnetic 
effluvia 
in  1668. 


A  general  belief  existed  in  ancient  times  as  to  the 
existence  of  effluvia,  that  is,  of  matter  in  a  state  of 
extremely  high  attenuation,  which  passed  off  from 
all  bodies,  and  gave  rise  to  many  of  their  peculiar 
properties.  The  cause  of  magnetism  was  attributed, 
by  Robert  Boyle,  as  early  as  i668>  to  effluvia  given 
off  from  a  magnet.  This  will  be  seen  from  the  fol- 
lowing quotation  taken  from  the  second  of  two  es- 
says "Concerning  the  Unsuccessfulness  of  Experi- 
ments" : 

"If  on  either  of  the  Extremes  or  Poles  of  a  good 
armed  Load-stone,  you  leisureljr  enough,  or  divers 
times,  draw  the  bade  of  a  Knife,  which  has  not  be- 
fore received  any  Magnetick  influence,  you  may  ob- 
serve, that  if  the  point  of  the  blade  have  in  this 
affiriction  been  drawn  from  the  middle  or  Equator 
of  the  Load-stone  towards  the  Pole  of  it,  it  will  at- 
tract one  of  the  Extremes  of  an  equilibrated  Mag- 
netick Needle;  but  if  you  take  another  Knife  that 
has  not  yet  been  invigorated,  and  upon  the  self-same 
Extremity  or  Pole  of  the  Load-stone,  thrust  the  back 
of  the  Knife  from  the  Pole  towards  the  Equator  or 
middle  of  the  Load-stone,  you  shall  find,  that  the 
point  of  the  Knife  has,  by  this  bare  difference  of 
Position  in  the  blade  whilst  it  past  upon  the  Ex- 
treme of  the  Load-stone,  acquired  so  different  a 
Magnetick  property  or  Polarity,  from  that  which 
was  given  to  the  former  Knife  by  the  same  Pole  of 
the  Load-stone,  that  it  will  not  attract,  bat  rather 
seem  to  repel  or  drive  away  that  end  of  the  Mag- 
netick Needle  which  was  drawn  by  the  point  of  the 
other  Knife.  And  this  improbable  Experiment  not 
only  have  we  made  trial  oi,  by  passing  slender  Irons 
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upon  the  Extremities  of  armed  Load-stones,  the 
breadth  of  whose  Steel-caps  may  make  the  Experi- 
ment somewhat  less  strange,  but  we  have  likewise 
try'd  it  by  affrictions  of  such  Irons  upon  the  Pole 
of  a  naked  terella  [a  sphere  of  hardened  steel  or 
lodestone,  so  magnetized  as  to  make  the  distribution 
of  its  magnetism  resemble  that  of  the  earth],  and  we 
have  found  it  to  succeed  there  likewise.  How 
strange  soever  it  may  seem,  that  the  same  point  or  SKUS 
part  of  the  Load-stone  should  imbue  Iron  with  con-  SS^SSicC 
trary  Properties  barely  as  they  are,  during  their 8treammg9, 
passing  over  it,  drawn  from  the  Equator  of  the 
Load-stone,  or  thrust  towards  it.  But  whether,  and 
how  far  this  Observation  insinuates  the  operations  of 
Load-stone  to  be  chiefly  performed  by  streams  of 
small  particles,  which  perpetually  issuing  out  of  one 
of  its  Poles,  do  wheel  about  and  re-enter  at  the 
other ;  We  shall  not  now  examine  ( though  this  seem 
one  of  the  most  likely  Phenomena  we  have  met 
with,  to  hint  a  probable  Magnetical  Hypothesis) 
contenting  ourselves  to  have  manifested  by  what 
plainly  appears,  how  much  influence  a  circumstance, 
which  none  but  a  Magnetick  Philosopher  would  take 
notice  of,  may  have  on  an  Experiment.,, 

Now,  on  the  assumption  that  the  molecules  of 
magnetic  matter  possess  the  power  of  setting  up 
ether  streamings  in  the  region  surrounding  them,  a 
theory  capable  of  explaining  the  phenomena  of  mag-  252*? 
netism  can  be  readily  founded.     Suppose,  for  ex-£,£3ESi 
ample,  that  the  molecules  of  iron  which,  like  thenJtJUmaR" 
molecules  of  all  matter,  are  assumed  to  be  in  con- 
tinual rotary  or  other  motion  toward  and  from  one 
another,  are  through  some  peculiarity  in  their  struc- 
ture, able  to  act  like  minute  air-blowers  or  fan- 
motors,  so  as  to  set  up  streaming  motions  in  the 
surrounding  ether.    Since  ether  is  frictionless,  such 
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motions,  once  set  up,  would  continue  forever,  with- 
out the  application  of  any  additional  force.     This 
theory,  like  all  theories  that  ascribe  magnetism  to  the 
molecules  of  matter,  explains  magnetization  by  the 
How         directing  or  aligning  of  all  the  ether  streams  in  the 
S^nJtTc    same  direction,  magnetic  saturation  being  reached 
^i5£tSg8  when  all  of  these  streams  are  similarly  directed. 
nctkS'c-    Magnetic  retentivity,  the  difference  between  the  be- 
nomeaa.     havior  of  soft  iron  and  hardened  steel,  the  effects  of 
temperature  on  magnetism,  etc.,  are  explained  by 
this  theory  in  a  manner  similar  to  the  molecular 
theories  above  referred  to. 

Let  us,  therefore,  examine  in  the  light  of  the 
streaming  ether  theory  of  magnetism,  how  some  of 
the  phenomena  of  magnetism  already  referred  to  can 
be  explained.  Faraday  and  others,  who  gave  consid- 
Faradajr,    erable  study  to  magnetic  phenomena,  disbelieved  in 
^obawmy  the  possibility  of  action  at  a  distance,  and  attributed 
a  distance!1  the  action  of  magnetic  induction  to  a  polarization  of 
the  ether,  to  which  he  gave  the  name  of  lines  of 
magnetic  force.    The  region  surrounding  a  magnet 
is  called  a  magnetic  field,  and  is  permeated  or  filled 
with  these  lines  of  magnetic  force.    It  is  these  lines 
of  magnetic  force,  which  this  modern  theory  of  mag- 
netism regards  as  ether  streamings,  or  as  magnetic 
SliffSnd    flux.    The  magnetic  flux  is  assumed  to  come  out  of 

IJSSietic    a  magnet  at  one  of  its  poles,  and  return  to  it  again 
force.        at  the  other  p^  a|ter  jt  hag  passc(j  through  the 

magnetic  field  surrounding  the  magnet.     Simply  as 

a  matter  of  convenience,  or  as  a  scientific  convention 

or  agreement,  these  streamings  are  assumed  to  come 

out  of  a  magnet  at  its  north  pole,  and  to  re-enter  it 

at  its  south  pole,  after  having  passed  through  the 

Assumed    field  of  the  magnet,  as  represented  in  Fig.  90.    Here 

olrib«of   the  arrows  show  the  direction  of  the  lines  of  mag- 

Jo?cca.ctlc    netic  force  coming  out  of  the  north  pole  and  return- 
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tag  to  the  magnet  at  its  south  pole,  the  paths  or  cir- 
cuits not  being  shown  in  the  intermediate  space  so 
as  to  avoid  confusion.  . 

The  phenomena  of  magnetic  attraction  and  re- 
pulsion can  be  explained  by  this  theory  as  follows : 
When,  say,  two  magnetic  needles  are  brought  near 
each  other,  they  will  come  to  rest  only  when  the 
magnetic  flux  is  passing  in  the  same  direction 
through  both,  and  this  can  only  occur  when  their  op- 
posite poles  are  pointing  to  each  other,  since  in  this 
position  only  can  the  flux  come  out  of  one  pole  of 
one  of  the  needles  and  enter  the  nearer  pole  of  the 
neighboring  needle.    According  to  this  theory,  when 


Fig.  90.— Assumed  direction  of  magnetic  streamings  or  lines  of  magnetic  force. 


a  magnet  is  rolled  in  a  mass  of  iron  filings,  the  filings 
are  held  to  the  surface  of  the  magnet  in  long  chains  SJaSSIon 
or  tufts,  in  which  the  separate  particles  of  iron  are  by^&S^of 
strung  along  the  lines  of  magnetic  force,  not  unlike  itrSSSkis, 
beads  on  a  string.    Magnetic  induction  is  also  readily 
explained  by  this  theory.    The  magnetic  flux,  com- 
ing out  of  the  inducing  magnet  at  its  north  pole, 
must  necessarily  produce  a  south  pole  at  any  part  of 
the  magnetizable  substance  at  which  it  enters;  in 
this  case  at  the  end  nearest  it,  while  the  end  at  which 
the  flux  passes  out  will  possess  north  polarity.    In 
this  case,  as  in  all  cases  of  induction,  both  the  in- 
duced  and  the   inducing  magnets   are  strung  or 
grouped  on  the  lines  of  magnetic  force,  like  beads  on 
a  string. 
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When  a  bar  of  iron  or  steel  is  powerfully  mag- 
netized, a  small  increase  occurs  in  its  length,  and  a 
decrease  in  its  breadth,  the  .volume  of  the  bar  re- 
£ngt£o£n   niaining  the  same.     This  change  is  most  probably 
nSStSSf "  due  to  a  change  in  the  position  of  its  molecules  dur- 
ing alignment.     Joule  has  made  careful  measure- 
ments of  such  changes  in  length,  and  found  the  in- 
crease to  be  TgoVoo    of  the  length  of  the  bar  when 
magnetized  to  saturation.     Page  noticed  that  the 
Pa*eon     magnetization  of  a  bar  is  accompanied  by  a  faint 
55Sfia  a°"  clinking  sound,  due  possibly  to  the  movement  of  the 
mapeu*    molecules  on  their  alignment.     The  fact  that  an 
xatron.       alignment  of  the  molecules  does  occur  during  mag- 
netization is  shown  by  rendering  some  clear  water, 
placed  in  a  glass  vessel,  opaque  to  light,  by  the  addi- 
tion of  a  small  quantity  of  fine  iron  filings.     On 
shaking  this  tube  so  as  to  diffuse  the  particles  equally 
throughout  the  water,  it  becomes  quite  opaque  to 
Proof  of     light.     But  if,  while  in  this  condition,  it  is  power- 
rfmrticici  fully  magnetized,  it  becomes  partially  transparent, 
fiiin£?by    from  the  particles  of  iron  assuming  end  to  end  posi- 
£&*£  tions  on  their  alignment  during  magnetization. 

It  is  quite  possible  to  obtain  clear  ideas  as  to  the 

general  direction  of  the  lines  of  magnetic  force,  or  in 

Magnetic    other  words,  of  magnetic  streamings.    This  is  done 

t5nc?by    by  placing  a  plate  of  glass  over  a  magnet,  sprinkling 

plates  and    iron  filings  on  the  glass,  and  then  gently  tapping  it 

iron  filings.  ...  /»..  .  .« 

so  as  to  permit  the  iron  filings  to  arrange  them- 
selves in  the  general  direction  of  the  lines  of  force. 
These  groupings  can  be  permanently  fixed  to  the 
plate  by  first  covering  its  surface  with  a  thin  sheet  of 

Photo-       wax>  an(*  t'ien  me'tin£  ^e  wax  by  heat-  Such  a  sheet 

o^ScUon  °*  S^ssf  placed  over  a  piece  of  ordinary  photographic 

fiiur«Lnetic  s^ver  Paper  and  exposed  to  the  light,  will  produce  a 

picture  of  the  groupings.     It  will,  however,  be  a 

negative  picture,  in  which  the  positions  occupied  by 
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the  filings  are  represented  as  white  spaces,  and  the 
parts  of  the  plate  from  which  filings  were  absent,  by 

dark  spaces. 

A  better  method  of  obtaining  representations  of  ^et^  for 
magnetic  lines  or  streamings  is  to  place  a  sensitive  ^^5^. 
photographic  plate,  with  its  sensitized  face  upward,  EjSSdi 
in.  a  photographic. dark  room,  over  a  magnet,  say^j^1" 
an  ordinary  horseshoe  magnet,  sprinkle  iron  fil- 


ings on  it,  and,  when  a  suitable  grouping  of  these  has 
been  obtained,  to  expose  the  plate  for  the  fraction  of 
a  second  to  a  gas-light  or  match.  On  subsequently- 
developing  this  plate,  a  photographic  negative  will 
be  obtained,  that  is,  a  picture  on  the  glass  in  which 
the  lights  and  shades  are  reversed,  the  lights  appear- 
ing as  dark  portions  on  the  plate,  and  the  shades  as 
clear  portions.  If  a  print  be  made  from  this  nega-  Photo- 
tive  on  a  piece  of  sensitized  photographic  paper,  an  SSS^e  at 
excellent  positive  picture  of  the  iron  filings  will  ben^nf 
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obtained,  viz.,  one  in  which  the  tilings  are  repre- 
sented by  dark  lines  on  the  white  background  of  the 
paper.  Such  a  photographic  positive  is  shown  in 
Fig.  91. 

Although  the  ether  streamings  surrounding  a 
magnet  must  ever  remain  invisible  to  human  eyes, 
yet,  by  means  of  the  groupings  of  the  iron  filings,  we 
,  can  form  a  very  fair  idea  of  their  general  directions. 
An  examination  of  Fig.  91,  for  example,  will  reveal 
the  general  direction  of  these  streamings,  for  they 
have  arranged  the  iron  filings  along  them  like  beads 


Pig.  91.— Photographic  Positive  of  Magnetic  Flux  Stream!  of  •  Horacahoe 
Magnet  held  In  vertical  position  with  poles  directly  below  horizontal  photo- 
graphic plate. 

on  a  string.  We  can,  therefore,  imagine  the  stream- 
ings coming  out  of  the  magnet  at  certain  points,  and 
re-entering  it  at  other  points.  Of  course,  it  is  im- 
possible to  say  from  what  points  the  flux  leaves  the 
magnet,  and  at  what  points  it  enters  it  again.  It  is 
for  this  reason  that  we  have  made  the  assumption 
that  it  issues  at  the  north  pole,  and  re-enters  at  the 
south  pole. 

The  study  of  a  number  of  pictures  obtained  in  the 
above  manner  will  be  instructive.  Take,  for  ex- 
ample, Fig.  92,  in  which  a  positive  has  been  printed 


THEORIES   OF   MAQHETIBU 

from  a  negative  obtained  by  holding  a  horseshoe 
magnet  in  a  vertical  position,  with  its  poles  directly 
below  the  lower  surface  of  the  photographic  plate. 
Here  the  flux  will  be  seen  to  surround  the  magnet 
poles  in  the  partially  circular  paths  represented. 

It  is  possible,  also,  in  this  way,  to  picture  the  mag- 
netic attractions  and  repulsions  existing  between 


both  oppositely  and  similarly  directed  flux.       For 
example,  in  Fig.  93,  are  shown  the  flux  paths  that 
are  produced  in  the  neighborhood  of  two  parallel  bar  &£*££?£» 
magnets  placed  with  their  poles  facing  one  another.  ^S'Sl(££!y 
When,  as  in  the  upper  figure,  the  magnets  are  placed  &£%&  n»g- 
with  their  opposite  poles  facing  one  another,  it  will net  po1™" 
be  noticed  that  the  magnetic  streamings  pass  directly 
from  the    north  pole  of  one  magnet  into  the  south 
pole  of  the  opposite  magnet.     Where,  however,  as 
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in  the  lower  figure,  they  are  placed  with  their  similar 
poles  facing,  the  magnetic  streamings  are  appar- 
ently repelled,  so  that  a  neutral  line  is  produced,  not 
unlike  the  line  of  slack  water  that  would  be  pro- 
duced by  two  oppositely  directed  water  streams.  In 
the  region  between  the  two  magnets  of  the  upper 
figure  there  exists  a  curious  space  bounded  by 
curves  resembling  those  that  are  known  in  geom- 
etry as  hyperbolas.     Within  this  space  no  ether 


Fig.  94.— Photographic  Positives  of  Fields  of  Two  Separate  Magnet*.    Note 
la  the  case  of  the  similarly  placed  pole*  the  line  earned  by  the  impinging  of  the 

Of  the  space  between  the  two  magnets.. 

streamings  can  penetrate.  It,  therefore,  corre- 
sponds to  calm  water  in  the  case  of  two  streams  of 
water.  In  Fig.  94  are  shown  the  flux  paths  produced 
by  the  same  two  bar  magnets  when  placed  with  the 
similar  and  opposite  poles,  respectively,  at  right 
angles  to  each  other. 

From  the  light  obtained  from  the  study  of  these 
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magnetic  flux  pictures,  we  can  now  much  better 
define  a  magnet  from  the  standpoint  of  magnetic 
flux,  or  magnetic  streamings.  A  magnet  is  a  body 
through  which  magnetic  flux  or  streamings  are 
passing. 

That  part  of  the  magnet  from  which  the  flux 
emerges  is  its  north  pole;  that  point  into  which  the 
flux  enters  is  its  south  pole.  Any  magnet,  therefore, 
no  matter  how  small  it  may  be,  must  have  one  point 
at  which  flux  enters  and  another  point  at  which  it 
leaves.  It  is  clear,  therefore,  that  all  magnets  must 
possess  two  poles.  As  in  electricity  we  call  the  force 
which  sets  the  electricity  in  motion  the  electro-  258??°" 
motive  force,  so  in  magnetism,  we  call  the  force  mm.f. 
which  sets  the  magnetic  streamings,  magnetic  flux, 
or  magnetism  in  motion,  the  magneto-motive  force. 
This  term  means  magnetism  moving  force,  and  is 
generally  contracted  M.M.F.  We  may,  therefore, 
properly  regard  a  magnet  not  as  a  source  of  magnet- 
ism, but  as  a  source  of  magneto-motive  force. 

When  a  bar  of  hardened  steel  is  being  rapidly 
magnetized  and  demagnetized,  the  fact  that  its  mole- 
cules resist  the  motion  by  which  they  are  aligned  or 
turned  in  one  and  the  same  direction,  causes  the 
magnetization  of  the  bar  to  lag  behind  the  force 
which  produces  the  magnetization.  Consequently, 
the  magnetization  of  the  bar  is  not  reversed  at  the 
same  time  that  the  magnetizing  force  reverses  or 
changes  its  direction.  In  other  words,  the  magnetiz- 
ing force  may  be  sending  positive  flux  into  the  bar, 
while  the  magnetism  of  the  bar  is  still  negative. 
This  phenomenon  is  called  magnetic  hysteresis,  from 
a  Greek  verb  meaning  "to  lag  behind."  It  is  by  rea-  hyaterews. 
son  of  hysteresis  that  rapid  changes  in  the  magnetiza- 
tion of  a  bar  of  hardened  steel  are  attended  by  a 
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small  losa  of  energy,  which  appears  in  (he  steel  as 
heat. 

It  can  be  shown  that  the  force  with  which  two 

magnet  poles  attract  or  repel  each  other  is  inversely 

toJ«^f      proportional  to  the  square  of  the  distance  between 

Stfac'l™    them.      If  two  magnet  poles  attract  each  other  with 

«d  repoi-  a  ,-ertain  force  while  one  inch  apart,  at  one-half  this 

distance  apart  they  will  attract  each  other  with  a 


rtsembbuicc  between 
in  Fig.  io. 

force  four  times  as  great;  at  one-fourth  of  this  dis- 
tance with  a  force  sixteen  times  as  great,  and  so  on. 
This  law  is  known  as  the  law  of  the  inverse  squares, 
and  is  the  same  law  as  that  which  we  have  seen  de- 
termines the  force  with  which  two  bodies  containing 
similar  electric  charges  repel  each  other. 

The  application  of  the  law  of  inverse  squares  to- 
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magnetic  attractions  and  repulsions  was  demon- 
strated by  Coulomb  by  means  of  an  instrument  he 
designed,  called  the  magnetic  torsion  balance.  This 
instrument,  as  shown  in  Fig.  95,  resembles  both  in£^™£8 
its  construction  and  method  of  operation,  the  torsion  KEnce. 
balance  he  invented  for  measuring  the  effects  of  elec- 
tro-static charges.  A  long  bar  magnet,  suspended, 
by  means  of  a  thread,  in  a  horizontal  position,  at 
the  same  level  as  the  scale  marked  on  the  side  of 
the  glass  case,  takes  the  place  of  the  shellac  needle  in 
the  electric  torsion  balance.  The  supporting  thread 
is  attached  to  the  top  of  a  device  for  measuring  the 
torsion  which  the  suspended  magnet  will  produce  in 
the  thread  when  it  is  repelled  by  the  approach  of  the 
similar  pole  of  a  small  magnet  introduced  through 
an  opening  in  the  top  of  the  cage.  This  latter  mag- 
net corresponds  to  the  proof-plane  in  the  electric  tor- 
sion balance.  As  in  the  case  of  the  electro-static 
torsion  balance,  the  force  with  which  this  repulsion 
takes  place  is  determined  from  the  amount  of  the 
force  of  torsion  produced  in  the  supporting  thread. 

« 

Another  method  for  determining  the  force  of  a 
magnet  is  to  move  a  magnetic  needle  slightly  out  of 
its  position  of  rest,  and  then  count  the  number  of 
times  the  needle  swings  to-and-fro  in  a  given  time — 

j      t  1         f  At     .  ,,  ^1        r  Method  of 

say  m  a  second.  It  can  be  shown  that  the  strength  of  magnetic 

-        -  -  ,  ,  ,      .  osculations. 

the  force  possessed  by  such  a  magnet  pole  is  propor- 
tional to  the  square  of  the  number  of  times  that  the 
magnet  swings  to-and-fro  in  this  time.  If,  for  ex- 
ample, of  two  magnets  thus  disturbed  under  similar 
conditions  from  a  state  of  rest,  one  makes  twice  as 
many  swings  as  the  other  in  a  given  time,  say  one 
second,  then  the  force  that  it  exerts  will  be  four 
times  as  great  as  the  force  exerted  by  the  other. 
Such  a  method  of  determining  the  strength  of  a 
magnet  pole  is  called  the  method  of  oscillations. 
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CHAPTER    XVII 

PHENOMENA  OF  THE  EARTH'S  MAGNETISM 

"Magnus  magnes  ipse  est  globus  terrestris." 

— De  Magnets:  Gilbert 

HE  magnificent  generalization  made  by  Gil- 
bert,  in   his  "De   Magnete,"  published   in 
1590,.    "Magnus    magnes    ipse   est   globus 
terrestris,"  or  "The  earth  itself  is  a  great  magnet/' 
Gilbert's    threw  a  great  flood  of  light  on  many  of  the  phenom- 
magnetic    ena  of  the  earth's  magnetism.    The  presence  of  lode- 
SEC£  wi.  stones,  or  natural  magnets,  in  the  earth,  could  now 
be  readily  explained.    If  the  earth  is  one  huge  mag- 
net, then  any  magnetizable  substance  on  its  surface, 
which  possesses  the  ability  of  retaining  its  magnet- 
ism when  once  magnetized,  or,  in  other  words,  has 
the  power  of  magnetic  retentivity,  would  be  perma- 
nently magnetized  by  mere  contact  with  the  earth. 
The  lodestone  is  an  ore  consisting  of  one  of  the 
higher  oxides  of  iron;  that   is,  of  metallic  iron 
combined  in  a  certain  way  with  the  oxygen  of  the 
atmosphere.     Lodestone  can  readily  become  mag- 
lodlltone    netized  by  being  touched  by  another  magnet,  and 
its  ma«.     moreover,  possesses  sufficient  hardness  to  enable  it 
to  retain  any  magnetism  it  once  acquires.     Thus, 
the  passage  of  the  earth's  flux  through  a  mass  of 
lodestone  magnetizes  it,  and  the  lodestone  is  able  to 
retain  or  keep  its  magnetism  when  carried  from  one 
place  to  another.    In  the  same  manner,  the  directive 
tendency  of  the  magnetic  needle  is  readily  explained 
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as  being  caused  by  the  attractive  power  of  the  earth's 
magnetic  poles  to  the  opposite  poles  of  the  magnetic 
needle. 

We  can  now  understand  the  confusion  which 
sometimes  arises  in  the  use  of  the  words  north  and 
south  poles,  as  applied  to  those  ends  of  the  magnetic 
needle,  which  point,  respectively,  to  the  geographical 
north  and  south.  Since  it  is  the  opposite  poles  of 
magnets  that  attract  each  other,  if  we  call  the  north 
pole  of  the  needle  the  end  which  points  to  the  geo- 
graphical north,  then  the  Northern  Hemisphere  of 
the  earth  must  possess  south  magnetism.  If,  on  the  seeking  and 
other  hand,  we  regard  the  earth's  Northern  Hemi-Sn^'ma* " 
sphere  as  possessing  north  magnetism,  then  it  must netic  ^ 
be  the  south  magnetic  pole  of  the  needle  that  points 
to  the  earth's  north.  It  was  for  this  reason  that,  for 
a  long  time,  the  French  called  that  end  of  the  mag- 
netic needle  which  points  to  the  north  of  the  earth, 
the  south  pole  of  the  needle.  Others,  to  avoid  am- 
biguity, call  the  pole  of  the  needle  which  points  to 
the  north  the  north-seeking  pole,  and  the  pole  which 
points  to  the  south,  the  south-seeking  pole.  Some-  magnetic 
times  the  term  marked  pole  is  employed  for  the 
pole  that  points  to  the  north ;  while  still  others  some- 
times call  the  pole  which  points  to  the  north,  the  red 
pole  of  the  needle,  and  that  which  points  to  the  south 
the  blue  pole.  Many,  however,  prefer  to  call  that 
pole  of  the  magnetic  needle  which  points  to  the  north 
of  the  earth,  the  north  pole,  and  to  agree  that  it  pos-  Red  and 
sesses  north  magnetism,  and  to  assunfe  that  the5&"jj|e» 
Northern  Hemisphere  of  the  earth  possesses  south 
magnetism.  Whatever  method  is  adopted,  however, 
no  difficulty  will  arise  if  all  the  facts  are  borne  in 
mind. 

Were  it  possible  to  map  out  the  earth's  magnet- 
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ism,  by  rendering  its  flux  visible  to  the  human  eye,  as 
we  have  done  on  a  smaller  scale  in  the  case  of  the 
magnetic  figures,  by  the  use  of  the  iron  filings 
thrown  on  the  surface  of  a  photographic  plate,  we 
should  obtain  definite  ideas  of  the  earth's  magnet- 
ism, that  would  very  likely  change  some  of  our  views 
iS«£3? 8  concerning  it.  Supposing,  however,  things  to  be  in 
fieI '  accordance  with  the  present  theories,  then  we  would 
see  magnetic  streamings,  or  throbbings  in  the  ether, 
issue  from  the  earth's  north  magnetic  pole,  and,  after 
having  traversed  the  atmosphere,  again  enter  the 
earth's  mass  at  its  south  magnetic  pole.  We  would 
immediately  notice,  however,  that  both  the  number 
and  the  general  direction  of  the  lines  of  magnetic 
force  would  vary  from  day  to  day,  from  year  to 
year,  and  through  great  cycles  of  time.  In  other 
words,  the  earth  undergoes  a  number  of  remarkable 
changes  or  variations,  both  in  the  direction,  and  in 
the  intensity  of  its  magnetism.  In  order  the  more 
intelligently,  therefore,  to  study  the  great  earth- 
magnet,  we  must  inquire  somewhat  particularly  into 
some  of  these  remarkable  changes  or  variations,  or, 
as  they  are  sometimes  called,  the  earth's  magnetic 
elements. 

The  magnetic  elements  of  the  earth  at  any  place 
are  three :  viz.,  first,  the  magnetic  intensity,  by  which 
is  meant  the  strength  of  the  earth's  magnetism  at 
m^mUc  that  place;  second,  the  magnetic  declination,  or  the 
******  direction  in  which  a  magnetic  needle,  free  to  move, 
would  come  to  rest  at  that  place,  pointing  approxi- 
mately to  the  geographic  north  or  south ;  and  third, 
the  magnetic  inclination  or  dip,  or  the  inclined  posi- 
tion which  a  magnetic  needle  would  assume  when 
it  comes  to  rest,  provided  it  were  free  to  move  in  a 
vertical  as  well  as  in  a  horizontal,  plane.  Now,  all 
these  magnetic  elements  of  the  earth  undergo  vari- 
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jtfions  ia  their  value.    A  study  of  all  the  earth's  de-  variation*  * 
ments  will  evidently  be  necessary,  since  any  theory jrfjneevalue8 
respecting-  the  exact  condition  of  the  earth  as  a^a^tic 
magnet  must  necessarily  be  able  to  account  not  only  ctementa» 
for  each  of  the  elements  of  its  magnetism,  but  also 
for  any  variations  that  may  occur  in  their  value. 

A  study  of  all  these  elements  will  be  necessary, 
since  any  theory  respecting  the  exact  condition  of  *££££<* 
the  earth  as  a  magnet  must  necessarily  be  able  to  ac-  *  pUcc* 
count,  not  only  for  each  of  these  elements,  but  also 
for  any  variations  that  may  occur  in  their  value. 

The  variations  that  occur  in  each  of  the  three  ele- 
ments of  the  earth's  magnetism  are  of  four  kinds; 
viz.,  secular  variations,  or  those  occurring  during  ciaasifica- 
great  cycles  of  time;  annual  variations,  or  those  oc- variations 
curring  during  different  seasons  of  the  year ;  diurnal  Santas 
variations,  or  those  occurring  during  certain  hours  ma&netMm- 
of  the  day  and  night;  and  irregular  variations,  or 
those  accompanying  magnetic  storms  or  the  occur- 
rence of  sun-spots.     The  first  three  are  periodical 
variations ;  the  fourth  is  an  irregular  variation. 

As  we  have  seen,  the  intensity  of  any  magnet 
varies  with  the  amount  of  magnetic  flux  or  ether 
streaming  that  passes  through  it.  In  other  words,  the 
magnetic  intensity  varies  with  the  flux  density.    Evi-  fiux  den. 
dently,  therefore,  the  intensity  of  the  earth's  mag- magnetic 
netism,  that  is  its  flux  density,  varies  from  day  to"1 
day,  so  that  the  magneto-motive  forces  which  pro- 
duce the  earth's  flux  must  also  vary,  either  in  the 
earth  as  a  whole,  or  in  the  amount  of  the  flux  that  is 
passing  through  any  particular  part  of  the  earth. 
Since  it  is  the  earth's  magnetic  flux  passing  through 
magnetic  needles  that  causes  them  to  point,  approxi- 
mately, to  the  geographical  north,  suek  variations  ia 
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the  intensity  of  the  earth's  magnetism  can  readily  be 
measured,  as  has  been  explained,  by  counting  the 
number  of  times  such  a  magnetic  needle  will  swing 
to-and-fro  when  slightly  disturbed  from  its  position 
of  rest. 


Coulomb. 


The  use  of  a  needle  of  oscillation  to  determine  the 
variation  in  the  intensity  of  the  earth's  magnetism 

HuMMa1*  was  ^^  ProP°sec"  by  Graham,  a  London  optician, 
jjj^  Gauss's  in  1775.     Such  a  needle  was  afterward  perfected 

o^utioL  an(*  emPl°yed  by  Coulomb,  Humboldt,  Hansteen, 
and  Gauss.  For  example,  Humboldt,  by  this 
method,  determined  that  the  relative  magnetic  inten- 
sity of  the  earth  at  Paris  was,  at  the  times  he  made 
the  observations,  one  and  one-third  times  greater 
than  it  was  at  Peru. 

A  careful  study  in  this  way  gives  us  a  knowledge 
isodynamic  of  the  intensity  of  the  earth's  magnetism  at  different 
charts.  parts  of  its  surface.  Such  differences  can  be  repre- 
sented by  maps  or  charts  on  which  are  drawn  lines 
called  isodynamic  lines,  or  lines  connecting  all  places 
on  the  earth  that  have  the  same  magnetic  intensity. 
Such  a  chart  was  first  proposed  by  Hansteen,  in 
1826,  and  is  known  as  an  isodynamic  chart. 

The  variations  that  occur  in  the  magnetic  in- 
o?accuSte  tensity  of  the  earth  are  of  great  scientific  value  in 
otvriwof  studying   the  distribution   of   its   magnetism;   but 
thedir©S.m changes  that  occur  in  the  value  of  the  magnetic 
compass     declination  at  different  parts  of  the  earth's  surface 
are  of  greater  practical  value,  on  account  of  the  uni- 
versal employment  of  the  compass  needle  in  naviga- 
tion.    Even  comparatively  small  changes  in  the  di- 
rection of  a  compass  needle  may  readily  produce 
disastrous  results  if  due  allowance  is  not  made  for 
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them,  since  the  false  route  thus  indicated  may  wreck 
the  vessel. 

The  variation  or  declination  of  the  compass  needle 
was  known  at  a  very  early  date  by  the  Chinese.    It 
was  also  observed  both  by  Columbus  and  Cabot  at  a 
later  date.     Although  since  that  time  an  immense  knowledge 
amount  of  information  has  been  obtained  by  a  care-  donation 
ful  study  of  the  value  of  the  declination  at  different  pl^nSKL 
parts  of  the  earth,  even  yet  the  idea  exists  among 
many  that  the  magnetic  needle  invariably  points  to 
the  true  astronomical  north  at  all  parts  of  the  earth's 
surface.     Such  a  belief  finds  frequent  expression  in 
the  common  phrase,   "True  as  the  needle  to  the  Popular     i 
pole/'    Now  in  point  of  fact,  there  are  but  compara-  j£wiabiue 
tively  few  places  on  the  earth  where  the  needle  does  dire/don  in 
so  point  to  the  north.     In  all  other  places  it  points  S>mj>assC 
either  to  the  east  or  to  the  west  of  the  north,  and  in  prints. 
many  locations  this  deviation  from  the  true  north 
reaches  a  considerable  value.     The  declination  or 
variation  of  the  needle  is  called  east  or  west  accord- 
ing to  whether  it  points  to  the  east  or  west  of  the 
true  north. 

Lines  connecting  places  on  the  earth's  surface  that 
have  the  same  declination  are  called  isogonal  lines,  HneKnd 

charts 

and  a  chart  of  the  earth  on  which  such  lines  are 
drawn,  is  called  an  isogonal  chart.  The  line  con- 
necting: places  where  there  is  no  declination  of  the 

«-        .  ,  t  ..  *  Agonal 

needle ;  i.e.,  where  the  needle  points  to  the  true  geo-  line. 
graphical  north,  is  called  the  Agonal  line. 

An  isogonal  chart  of  the  earth  is  shown  in  Fig. 

96.     In  this  chart  western  declination  is  represented  Bxamina- 
f  •  1.  <  <«..««      t,on  °* the 

by  continuous  lines,  and  eastern  declination  by  dot-  d£j|£ation 

ted  lines.  The  agones  are  shown  by  heavy  continu- 
ous lines.    The  agone  in  the  Western  Hemisphere 
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enters  South  America  near  Rio  Janeiro,  passes  the 
Antilles  in  a  curve,  enters  the  United  States  and 
passes  near  Washington,  D.  G,  crosses  to  the  west- 
ern part  of  Hudson  Bay  and  enters  the  magnetic  pole 
near  Boothia  Felix.  In  the  Old  World  it  passes 
through  Western  Australia,  near  the  western  coast 
of  Hindostan,  through  Persia,  the  eastern  part  of 
the  Caspian  Sea,  and  through  the  White  Sea  in 
Europe. 

In  nearly  all  Europe,  in  all  of  Africa  and  Arabia, 
in  nearly  all  the  Atlantic  and  Indian  Oceans,  and  in 


Fig.  96.— Declination  Chart.  The  places  where  the  magnetic  needle  points 
to  the  true  north  are  marked  by  a  heavy  line;  at  all  places  marked  by  continu- 
ous lines  the  needle  points  to  the  west  of  the  true  north,  and  at  all  places 
marked  by  dotted  lines  to  the  east  of  the  north. 


the  eastern  parts  of  North  and  South  America  the 
declination  is  west.  It  is  also  west  in  part  of  Asia, 
near  the  secondary  magnetic  poles. 


Haiieyan        The  isogonal  lines  are  sometimes  called  the  Hal- 

or  isogonal 

lines.        leyan  lines,  from  Halley,  who  first  prepared  maps  or 
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charts  on  which  such  lines  were  marked.    The  first 
chart  was  completed  by  Halley  in  the  year  1700. 

But  not  only  does  the  magnetic  needle  fail  to  point 
to  the  true  north  at  different  parts  of  the  earth's  secular 
surface;  in  addition  the  value  of  the  declination  is  of  ^Se*00 
not  the  same  at  any  place,  but  varies  from  day  to dechnation- 
day.     Thus,  in  1500,  the  magnetic  declination  of 
London  was  1 1  °  18'  east.    From  this  time  the  needle 


Fig.  97.— Isogonic  Chart  of  the  United  States  for  the  year  1890. 


slowly  moved  eastward,  until  in  1662,  when  it  again 
pointed  to  the  true  north.  It  then  began  to  move 
toward  the  west,  reaching  its  greatest  western  decli- 
nation of  240  30'  in  1818.  Since  this  time  it  has 
been  moving  to  the  east,  being  in  1901,  about  150 
32'  west.  This  is  seen  in  the  isogonal  chart  of  the 
United  States  for  the  year  1890,  shown  in  Fig.  97. 
Here  the  agone,  or  line  which  marks  the  places  in 
this  country  where  the  needle  points  to  the  true  geo- 
graphical north,  is  seen  as  passing  through  South 
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Compari- 
son of  posi- 
tion of 
isogonal 
lines  in  the 
United 
States  dur- 
ing 1890 
and  1900. 


Carolina,  Ohio,  and  Michigan.  All  places  east  of 
this  line  have  western  declination,  and  all  places  west 
of  this  line  have  eastern  declination.  In  the  isogonal 
chart  shown  in  Fig.  98,  which  is  an  isogonal  chart  of 
the  United  States  for  1900,  or  ten  years  later,  will  be 
seen  the  amount  of  the  variation  that  has  occurred  in 
the  United  States  since  1890. 


Besides  the  secular  variations  in  the  declination 
of  the  needle,  there  are  diurnal  or  daily  variations. 


m—*~*m 


♦*0* 


Fig.  98.— Isogonic  Chart  of  the  United  States  for  the  year  1900. 


Graham's  These  were  first  observed  by  Graham,  in  1722.  Ac- 
9S£*£"  cording  to  Graham's  observations,  the  north  pole  of 
Sn'LTJhe^  the  needle  at  London,  began,  between  7  and  8  a.m. 
dedication  tQ  move  t0  the  west^  an(j  continued  this  westward 

London*    motion  until  1  p.m.,  when  it  became  stationary  for  a 
during  i72».  few  moments.    jt  then  began  to  move  slowly  to  the 
east  until  about  10  p.m.,  when  it  again  came  to  rest 
at  the  point  from  which  it  started.    A  similar  oscil- 
lation occurred  during  the  night,  the  north  pole 
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moving  west  until  about  3  a.m.,  and  returning  again 
as  before. 

The  value  of  the  magnetic  inclination  or  dip  of  the 
needle  varies  at  different  parts  of  the  earth.  The 
value  of  the  magnetic  dip  at  any  place  is  determined 
by  means  of  the  dipping  needle.  Such  a  needle  is 
shown  in  Fig.  99.  It  consists  of  a  magnetic  needle 
so  suspended  as  to  be  able  to  move  freely  in  a  ver-  neeSE* 
tical  as  well  as  in  a  horizontal  direction.  In  other 
.  words,  such  a  needle  can  both  point  toward  the  mag- 
netic north,  as  well  as  incline  or  dip  downward  to- 
ward the  earth.    The  angle  of  dip  or  inclination  is 


Pig.  99.— Magnetic  Dipping  Needle.  Note  that  when  the  angle  of  dtp  it  90* 
the  needle  would  point  vertically  downward.  This  would  occur  directly  over 
the  magnetic  poles  of  the  earth. 

the  angular  deviation  from  the  horizontal  position 
of  the  ordinary  compass  needle.  In  Fig.-  99,  the 
needle  shows  an  angle  of  dip,  BOC,  which  is  the 
angle  between  the  horizontal  line,  BO,  and  the  di- 
rection, OC,  in  which  the  needle  dips  or  inclines. 

Where  it  is  desired  to  make  more  accurate  meas- 
urements of  the  angle  of  dip,  an  instrument  invented 
by  Biot,  called  Biot's  needle,  is  employed.     Such  a 
device  is  shown  in  Fig.  100.    With  the  exception  of  dicing 
its  magnetic  needle  and  the  small  spirit  level  em-needie. 
ployed  to  ensure  a  true  horizontal  position,  the  ap- 


Biot's 
or 
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paratas  is  made  entirely  of  brass*.  An  inspection  at 
the  figure  shows  that  the  magnetic  needle  ab  is  suj*- 
pended  so  as  to  move  over  a  vertical  graduated  circle 
M,  and  that  this  circle  is  so  supported  as  to  be  capa- 
ble of  moving  over  a  horizontal  graduated  circle  m* 
In  order  to  read  the  true  angle  of  dip,  the  vertical 
circle  is  turned  until  the  magnetic  needle  dips  verti- 
cally downward,  in  which  position  it  is  exactly  90° 
from  a  line  passing  directly  through  the  magnetic 


Fig.  xoo.— Biot's  Dipping  Needle.  The  graduated  vertical  circle  marks  the 
aigle  of  dip  where  the  plane  in  which  the  needle  is  free  to  move  is  in  the  plane 
of  the  magnetic  meridian.  The  horizontal  graduated  circle  is  employed  to  find 
the  plane  of  the  magnetic  meridian. 


Isoclinal 
lines  and 

charts. 


poles  of  the  earth.  The  vertical  circle  is  then  turned 
through  900,  so  as  to  bring  it  in  a  true  north  and 
south  line  passing  through  the  magnetic  poles  of 
the  earth,  when  the  needle  will  incline  at  its  true 
angle  of  dip. 

Lines  connecting  places  on  the  earth's  surface 
that  have  the  same  inclination,  are  called  isoclinal 
lines,  and  a  chart  or  map  on  which  such  lines  are 
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drawn  is  called  an  isoclinal  chart.  The  line  of  no 
dip  or  inclination  corresponds  to  the  position  of  the 
magnetic  equator.  The  magnetic  equator  lies  en- 
tirely south  of  the  geographical  equator.  Like  theJJXSS?0 
intensity  of  the  earth's  magnetism,  the  value  of  the 
dip  or  inclination  is  subject  to  diurnal,  annual,  and 
secular  variations. 
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CHAPTER  XVIII 

THEORIES  OF  THE  EARTH'S   MAGNETISM 

"Not  only  the  greater  variations  in  the  earth's  magnetism, 
but  the  most  minute  and  irregular  disturbances  occur  at  the 
same  instant  in  places  the  most  distant  from  each  other." — 
Humboldt's  System  of  Simultaneous  Magnetic  Observations: 
Silliman. 

ARIOUS  theories  have  been  proposed  to  ac- 
count for  the  earth's  magnetism.  Among  the 
early  philosophers,  Descartes,  who  proposed 
a  vague  theory  of  magnetic  vortices,  also  believed 
that  the  earth's  magnetism  is  due  to  the  existence  of 
vast  magnetic  rocks  in  the  earth.  When  Norman  dis- 
Normanon  covered  the  dip  of  the  needle  in  1580,  he  clearly 
magnetSm.  showed  that  the  cause  of  the  phenomenon  was  situ- 
ated somewhere  in  the  earth  below  its  surface.  As  we 
have  seen,  Gilbert,  in  1590,  regarded  the  entire  earth 
as  one  huge  magnet.     In  order  to  account  for  the 
variations  in  the  needle,  Gilbert  believed  that  the 
thell£££nof  earth's  magnetism  was  limited  to  its  solid  portions, 
SHSfiL    and  that  its  water  was  not  magnetized;  hence,  the 
fact  that  the  needle  would  be  differently  affected  in 
different  parts  of  the  ocean  would  be  sufficient,  he 
thought,  to  account  for  its  variation. 

In  1673,  Bond  proposed  a  theory  in  which  he  im- 
Bond'i  agined  that  the  earth's  magnetism  could  be  ascribed 
thread  to  a  magnetic  sphere  which  encompassed  the  earth, 
magnet      and  revolved  around  it  on  an  axis  that  was  slightly 
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inclined  to  the  axis  of  the  earth.  Bond  proposed 
this  theory  in  order  to  explain  the  deviation  of  the 
compass,  the  diurnal  variations  of  which  he  had  dis- 
covered in  1650. 

In  1692,  Halley  proposed  a  theory,  in  which,  like 
Gilbert,  he  supposed  the  earth  was  a  magnet,  but 
declared  that  it  had  four  instead  of  two  magnetic  Hauey  on 
poles.  These  magnetic  poles  were  assumed  to  be^J^Slim. 
caused  by  two  magnetic  shells,  of  which  he  con- 
ceived the  earth  to  be  composed.  One  of  these,  an 
outer  shell,  produced  two  of  the  earth's  poles,  and 
the  other,  an  inner  shell,  the  remaining  two.  Halley 
explained  the  variations  of  the  magnetic  needle  by 
supposing  that  these  shells  revolved  around  their 
axes  at  different  rates. 

In  1757,  Euler  proposed  a  theory,  in  which,  like 
Gilbert,    he   asserted   that   the   phenomena   of   the 

o    1      1 

earth's  magnetism  could  be  explained  by  the  exist-  ^metrical 
ence  of  only  two  poles,  which,  however,  are  not  di-  variation  of 
rectly  opposite  each  other.    In  other  words,  the  poles  mlpictism. 
are  so  placed  that  a  straight  line  joining  them  would 
not  pass  through  the  centre  of  the  earth.    Euler  en- 
deavored to  show  that  it  would  be  possible  to  give 
these  two  poles  such  positions  and  values  as  to  pro- 
duce variations  in  the  needle  similar  to  those  of  the 
isogonal  lines.    Indeed,  he  even  goes  so  far  as  to  as- 
sert that  having  once  determined  the  position  of  the 
two  poles,  the  directions  of  the  isogonal  lines  could 
be  determined  with  the  same  readiness  and  accuracy 
as  a  proposition  in  geometry. 

In  1805,  Biot  proposed  a  theory  in  which  he  sup- 
posed the  magnetism  of  the  earth  to  be  due  to  theory  of 
presence  of  a  single  magnet  of  short  length,  located  magnetism. 
somewhere  near  the  centre  of  the  earth.     He  im- 


384  ELEOTmClTY  IV   EVERY-DJLY  ltfs 

agined  that  the  poles  of  this  magnet  were  placed  near 
each  other.  Biot  believed  that  he  was  able  to  prove, 
from  mathematical  calculations,  that  all  the  phe- 
nomena of  the  earth's  magnetism  could  be  explained 
in  this  manner.  But  Pouillet,  in  the  light  of  subse- 
quent knowledge,  denies  the  correctness  of  Biot's 
theory. 

In  1811,  the  Royal  Danish  Academy  offered  a 
prize  for  the  best  solution  of  the  cause  of  the  varia- 
tion of  the  compass  needle.    Hansteen  undertook  this 
Haosteen'8  solution,  and  won  the  prize  in  1819,  when  he  pro- 
SrSnh's  posed  a  theory  of  magnetism  based  on  Halley's 
magnetism,  fl^^  an(|  \^t  j^  calling  for  the  existence  of  four 

separate  magnet  poles.  Hansteen  showed,  however, 
that  it  would  be  necessary  to  suppose  these  poles  were 
each  of  different  magnetic  force,  and  that  each  pole 
was  constantly  changing  its  position  at  its  own  rate 
of  motion.  Hansteen  assumed  that  the  focus,  or  seat 
of  the  earth's  magnetism,  was  situated  somewhere 
near  the  earth's  centre,  but  that  it  manifested  itself 
mainly  at  four  points  or  poles  near  the  surface.  Two 
of  these  poles,  situated  at  the  extremities  of  the  mag- 
netic axis,  were  the  principal  magnetic  poles  of  the 
earth.  The  other  two,  the  secondary  poles,  had  an 
independent  axis  of  their  own  on  which  they  moved 
from  west  to  east  around  the  principal  poles. 

In  1817,  Barlow  formed  a  theory  of  the  earth's 
magnetism,  in  which  he  claimed  that  neither  the  pres- 
Sito?7o8/  ence  of  a  single  magnet  in  the  earth  nor  the  pree- 
maVn'etom.  ence  of  several  magnets  could  properly  explain  the 
phenomena  of  the  earth's  magnetism.  He  asserted 
that  each  region  of  the  earth  has  its  own  poles,  that 
such  poles  change  their  position  by  a  revolution  pro- 
•duced  by  acme  unknown  ^ause. 
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In  1635,  Gauss  proposed  a  theory,  in  which,  tike 
'Barlow,  he  claims  that  although  the  earth  like  a  sm-  Gauss* 
*gle  magnet  has  two  poles  only,  yet,  as  Sir  William  SfS^f's 
Snow  Harris,  to  whom  we  are  indebted  for  many  of  ma*netWB1- 
the  tacts  of  this  early  history  of  the  earth's  mag- 
netism, says : 

"That  the  earth  does  not  contain  a  single  definite 
magnet,  but  irregularly  diffused  magnetic  elements, 
having  collectively  a  distant  resemblance  to  the  con- 
dition of  a  common  magnet.     So  that  for  magnetic  Han-is  on 
.poles  we  must  substitute  magnetic  regions,  over  &c SISE's f 
which  a  general  magnetic  influence  obtains.    Thus,  magnetl™n' 
instead  of  a  Siberian  pole,  as  determined  by  Han- 
steen,  we  have  a  Siberian  region,  in  which  the  iso- 
gonal  lines  may  be  conceived  to  converge  without 
coming  absolutely  to  a  point.' ' 

A  later  theory  of  the  earth's  magnetism  has  been 
founded  upon   two   discoveries,   the  principles  of 
which  we  have  not  yet  discussed.    These  are  the  dis- 
covery, by  Oersted,  in  1820,  of  the  production  of  Discoveries 
magnetism  by  electric  currents,  and  the  discovery,  ggff- 
in  1822,  by  Seebeck,  of  the  production  of  thermo-bmedTna 
electricity,  by  differences  of  temperature.    These  two  thTeaith't 
great  farts  were  combined  in  a  theory  for  the  earth's  ESSE 
magnetism  by  Grover,  in  1849,  w^°  proposed  the 
theory  which  is,  perhaps,  more  generally  credited  at 
the  present  time,  at  least  in  some  of  its  details,  than 
any  other.    This  theory  affirms  that  the  magnetism 
of  the  earth  may  be  ascribed  to  the  presence  of  elec- 
trical currents  circulating  around  it  from  west  to 
east. 

The  preceding  are  but  some  of  the  more  important  camas 
theories  that  have  been  proposed  by  scientific  men  to  Se*ea*ift 
account  for  the  magnetism  of  the  earth.     No  mat-£*o?the 
-ter  twhat  theory  may  toe  <hdd,  it  is  certain,  as  a  re-  angMody. 
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suit  of  a  wonderful  generalization,  reached  by  Alex- 
ander von  Humboldt  by  means  of  a  movement  he 
inaugurated  in  1836,  that  whatever  be  the  cause  of 
the  earth's  magnetism,  this  cause  acts  on  the  earth 
as  a  whole.  This  generalization  is  so  justly  to  be 
regarded  as,  perhaps,  the  most  wonderful  ever  made 
in  the  history  of  magnetism,  that  we  will  explain  it 
in  some  detail. 

In  1836,  Humboldt  proposed  both  to  the  leading 

governments  of  the  civilized  world,  and  to  most  of 

the  scientific  societies,  in  both  the  New  and  the  Old 

^SeraHu-  World,  that  a  series  of  connected  and  simultaneous 

H°unm°boidt  observations  be  made  over  as  large  a  part  of  the 

rimStSle-7  earth  as  possible,  in  order  to  determine  the  laws 

ESl  e°verninS  the  distribution  of  the  earth's  magnetism. 
dfffereS? at  In  accordance  with  this  suggestion,  magnetic  ob- 
thfSrorid    servatories  were  established  both  on  and  below  the 
in  1836.      surf ace  0f  the  earth.    In  these  observatories  delicate 
magnetic  instruments  were  placed  especially  devised 
for  the  purpose.     In  order  to  avoid  the  disturbing 
effect  of  neighboring  magnets,  the  observatories 
were  constructed  entirely  of  non-magnetic  materials. 
These  observatories  were  located  not  only  in  civi- 
lized portions  of  the  world,  but  were  also  erected 
by  special  expeditions  in  Africa,  North  and  South 
America,  India,  Russia,  the  Pacific  Ocean,  and  with- 
in the  Arctic  and  the  Antarctic  circles.    In  this  way 
an  immense  mass  of  important  facts  was  obtained 
concerning  the  earth's  magnetism. 
Magnetic        "But  perhaps  the  most  remarkable  results  thus 
SJSSTa?"  obtained,"  says  Silliman,  from  whom  we  have  con- 
thc£Shof  densed  the  above  statement,  "is  the  fact  first  estab- 
SKJfoF"  Ushed  by  them,  that  not  only  the  greater  variations 
co^£>nd-  in  the  earth's  magnetism,  but  the  most  minute  and 
Saii^tfeEr  irregular  disturbances,  occur  at  the  same  instant  in 
tSTSanh.    places  the  most  distant  from  each  other,  showing  the 


THE0RIS8   OP  TBB    EARTH'S   MAGNETISM  887 

wonderful-  connection  and  coincidence  in  the  causes 
of  these  phenomena  throughout  the  world." 

In  1840,  the  British  Government;  in  co-operation 
with  the  East  India  Company,  greatly  extended  thi9  simuitanc- 
system  of  simultaneous  magnetic  observations,  and  ^StioSTSf 
obtained  similar  results;  viz.,  that  variations  in  the gS^1-*811 
magnetic  intensity,  declination,  and  dip,  occur  shnul-  S^eSS1 
taneously  in  all  parts  of  the  earth.    In  other  words,  %£££**' 
both  of  these  sets  of  observations  showed  that  there  ,8?a 
occurred  on  the  earth  what  may  be  called  true  mag- 
netic storms,  during  which  all  the  magnetic  elements 
of  the  earth  exhibited,  at  all  parts  of  its  surface, 
simultaneous  and  marked  fluctuations. 

From  the  knowledge  we  have  of  the  earth's  mag- 
netism to-day,  it  would  appear  that  the  seat  of  this  - 
force  lies  in  the  crust  rather  than  somewhere  near 
the  earth's  centre;  and,  that  in  some  way  or  other, ciosccorre- 
the  causes  of  the  magneto-motive  forces  that  produce  Slhe*110* 
the  earth's  magnetism  are  to  be  traced  to  the  sun.  SSJhe 
Such  a  theory,  it  would  appear,  traces  the  diurnal,  uSS.6"11111 
annual,  and  secular  changes  or  variations  to  vari- 
ations  in   temperature   during   every   twenty-four 
hours,  every  year,  or  during  long  cycles  or  periods 
of  time.     This  belief  has  been  strengthened  by  the 
fact  that  the  isoclinal  lines,  or  lines  of,  equal  inclina- 
tion or  dip  of  the  needle,  extend  in  almost  the  same 
direction  with  the  isothermal  lines,  or  lines  connect- 
ing places  on  the  earth's  surface  which  have  the  same 
average  annual  temperature. 

It  has  been  frequently  suggested  that  the  earth's 
magnetism  can  be  traced  either  directly  or  indirectly,  is  the  sun 
to  the  sun.    That  the  sun  is  a  body  possessing  power- Muroeof 
ful  electric  and  magnetic  forces  is  acknowledged  magnVusm? 
by  all.   Might  it  not,  it  has,  therefore,  been  asked; 


Occurrenti 
ofsun-ipoi 
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produce  all  the  magnetic  phenomena  of  the  earth  by 
simple  induction  ? 

I  As  we  have  already  seen,  the  aurora,  which  un- 
doubtedly appear  to  be  both  magnetic  and  electric 
phenomena,  are  either  accompanied  or  preceded  by 
,  those  unusual  outbursts  of  solar  activity  that  are 
called  sun-spots.  The  appearance  of  sun-spots  seems 
to  be  due  to  some  unusual  activity  in  the  sun.  The 
visible  portion  of  the  sun's  surface  is  called  the 


Pig.  ior ,— «reit  Sun  Spot  of  September,  1870.  from  drawing  by  Laoglcy. 

photosphere.  When  studied  under  favorable  condi- 
tions, with  a  properly  screened  glass,  the  sun's  sur- 
face does  not  appear  to  be  smooth  and  bright,  but  is 
rough  or  mottled,  or,  as  Young  expresses  it,  "some- 
what resembling  rough  drawing-paper."  With  a 
powerful  glass,  under  good  conditions  of  the  atmos- 
phere, the  surface  is  seen  sprinkled  with  granules  or 
nodules  scattered  over  a  dark  background.  These 
are  believed  to  be  luminous  clouds,  which  are  float- 
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mg  in  the  Jess  luminous  atmosphere  of  the  sun.  Sun- 
spots  appear  as  dark  regions  on  the  sun's  surface, 
dark,  however,  only  by  contrast  with  the  surround- 
ing; brighter  portions.  They  are  now  practically 
known  to  be  due  to  cavities  in  the  photosphere. 
The  dark  appearance  is  due  to  the  lower  tempera- 
ture of  the  mass  of  gases  and  vapors  with  which 
they  are  filled. 

The  appearance  of  an  unusually  great  sun-spot, 
which  was  observed  during  the  month  of  September, 


1870,  is  shown  in  Fig.  101.    Here  the  granules  ap-GreMtU[1. 
pear,  as  Lang-ley  observes,  "like  snowflakes  on  gi-ayK^blp> 
cloth."    Son -spots  vary  in  diameter  from  500  to'8*" 
50,000  miles.    The  dark  region  surrounding  a  num- 
ber of   separate  sun-spots  sometimes  reaches   the 
enormous  dimension  of  150,000  miles  in  diameter  1 

The  fact  that  the  appearance  of  sun-spots  is  in-Wo]f.„ 
variably  followed  by  magnetic  storms  on  the  earth  ZH£g?X. 
has  been  demonstrated  by  Wolf,  through  a  com- 
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parison  of  observations  of  sun-spots  and  magnetic 
storms  between  1772  and  1880.  The  result  of 
Wolfs  observations  is  shown  in  Fig.  102.  Here 
the  full  lines  mark  the  occurrence  of  the  sun-spots, 
while  the  dotted  lines  show  the  occurrence  of  mag- 
netic storms.  The  numbers  from  o  to  150,  marked 
on  the  left-hand  side  of  the  figures,  indicate  the  num- 
ber of  sun-spots  that  occur  during  any  year,  while 
the  years  of  the  occurrence  are  placed  in  numbers  at 
the  bottom  of  the  figures.  While,  however,  the  fact 
of  such  connection  is  shown,  neither  the  exact  nature 
of  the  phenomenon,  nor  the  manner  in  which  it  acts, 
„    L.       is  known.     Secchi  and  others  believe  that  the  sun 

Secchi  on  . 

the  sun  as   produces  the  earth  s  magnetic  storms  by  magnetic 
cause  of      induction.    Secchi,  for  example,  asserts  that  the  sun 

the  earth  s  * 

magnetism,  acts  on  a  magnetized  needle  as  if  it  were  itself  a 
large  magnet  placed  at  a  great  distance  from  the 
earth,  and  having  its  poles  of  the  same  name  as  those 
of  the  earth  turned  toward  the  same  spot  of  the 
heavens.  It  can  be  shown,  however,  by  compara- 
tively simple  calculations,  that  the  sun  is  too  far  off 
to  be  able  to  thus  appreciably  influence  the  earth's 
magnetism. 

Others  believe,  as  has  already  been  explained,  that 
the  sun  acts  by  means  of  thermo-electric  currents, 
tobt^emo-  Pr°duced  in  the  materials  of  the  crust  by  differences 
thSrTof    °*  temperature  caused  by  the  sun's  heat.    If  we  im- 
ma^nctism.  agine  suc^  currents  as  flowing  through  the  materials 
of  the  crust  from  west  to  east,  it  can  be  shown  that 
the  earth  would  have  magnetic  poles  corresponding 
fairly  closely  to  its  actual  poles.     It  has,  however, 
been  very  properly  objected  to  this  theory  that  a 
large  part  of  the  earth's  surface  is  covered  with 
water,  and  that,  so  far  as  is  now  known,  such  cur- 
rents can  not  be  produced  in  liquids  by  differences 
of  temperature. 
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De  la  Rive  modifies  the  above  theory  by  the  sug- 
gestion that  at  least  a  part  of  the  phenomena  of  theDelaRivc.s 
earth's  magnetism  can  be  explained  by  means  of  elec-  &r«5rth't 
trie  currents,  which,  as  we  have  already  pointed  out  ma*neli8,B- 
in  connection  with  the  cause  of  auroras,  he  believes 
circulate  around  the  earth  between  the  equator  and 
the  poles.    These  currents  result  from  the  evapora- 
tion of  vapor  from  the  ocean  as  it  is  carried  by  the 
winds  in  their  movements  to  and  from  the  equator 
and  the  poles. 

Faraday  suggests  that  the  sun's  heat  may  pro- 
duce the  variations  in  the  earth's  magnetism  in  an 
entirely  different  manner.  He  discovered,  during  ££^0? 
certain  investigations  to  which  we  shall  soon  refer,  S^SSm. 
that  the  oxygen  of  the  atmosphere  is  naturally  mag- 
netic, and  that  this  magnetism  increases  in  amount 
as  the  air  grows  colder,  and  decreases  in  amount  as 
it  grows  warmer.  He  believes,  therefore,  that  it  is 
by  variations  in  the  temperature  of  the  air  during 
different  parts  of  the  day,  year,  or  cycle  of  time,  that 
the  variations  of  the  magnetic  needle  are  caused. 

It  may  be  well  to  give  here  a  quotation  from  an 
address  by  Kelvin,  on  these  subjects,  delivered  prior 
to  1879,  as  showing  the  opinions  then  generally  held : 

"As  to  terrestrial  magnetism,  of  what  its  rela- 
tion may  be  to  perceptible  electric  manifestations  we  Kelvin  on 
at  present  know  nothing.     You  all  know  that  theSnVjXT* 
earth  acts  as  a  great  magnet.    Dr.  Gilbert,  of  Col- thT«Sti?t 
Chester,  made  that  clear  nearly  300  years  ago;  but BM*netism- 
how  the  earth  acts  as  a  great  magnet — how  it  is  a 
magnet — whether  an  electro-magnet  in  virtue  of  cur- 
rents revolving  round  under  the  upper  surface,  or 
whether  it  is  a  magnet  like  a  mass  of  steel  or  lode- 
stone,  we  do  not  know. 

■  •...*•• 

"What  are  called  'magnetic  storms'  are  of  not 
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very  unfrequent  occurrence.  In  a  magnetic  storm 
the  needle  will  often  fly  twenty  minutes,  thirty  min- 
utes, a  degree,  or  even  as  much  as  two  or  three  de- 
grees sometimes,  from  its  proper  position — if  I  may 
use  that  term — its  proper  position  for  the  time :  that 
is,  the  position  which  it  might  be  expected  to  have 
*£££!**  at  the  time  according  to  the  statistics  of  previous  ob- 
servations. I  speak  of  the  needle  in  general.  The 
ordinary  observation  of  the  horizontal  needle  shows 
these  phenomena.  So  does  observation  on  the  dip 
of  the  needle.  So  does  observation  on  the  total  in- 
tensity  of  the  terrestrial  magnetic  force.  The  three 
elements,  deflection,  dip,  and  total  intensity,  all  vary 
every  day  with  the  ordinary  diurnal  variation,  and 
irregularly  with  the  magnetic  storm.  The  magnetic 
storm  is  always  associated  with  a  visible  phenome- 
non, which  we  call,  habitually,  electrical;  aurora 
borealis,  and,  no  doubt,  also  the  aurora  of  the  south- 
ern polar  regions. 

"We  have  the  strongest  possible  reasons  for  be- 
lieving that  the  aurora  consists  of  electric  currents, 
like  the  electric  phenomena  presented  by  currents  of 
phenomena  electricity  through  what  are  called  vacuum  tubes, 
2Srrcnt?nc  through  the  space  occupied  by  vacuums  of  different 
qualities  in  the  well-known  vacuum  tubes.  Of 
course  the  very  expression,  'vacuums  of  different 
qualities/  is  a  contradiction  in  terms.  It  implies 
that  there  are  small  quantities  of  matter  of  different 
kinds  left  in  those  nearest  approaches  to  a  perfect 

vacuum  which  we  can  make. 

•  ••••••• 

"Now,  if  we  could  have  simultaneous  observations 
of  the  underground  currents,  of  the  three  magnetic 
elements,  and  of  the  aurora,  we  should  have  a  mass 
of  evidence  from  which,  I  believe,  without  fail,  we 
ought  to  be  able  to  conclude  an  answer  more  or  less 
definite  to  the  question  I  have  put.    Are  we  to  look 
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in  the  regions  external  to  our  atmosphere  for  the 
cause  of  the  underground  currents,  or  are  we  to  look 
under  the  earth  for  some  unknown  cause  affecting 
terrestrial  magnetism  and  giving  rise  to  an  induc- 
tion of  those  currents  ?  The  direction  of  the  effects, 
if  we  can  only  observe  those  directions,  will  help  us 
most  materially  to  judge  as  to  what  answer  should 
be  given." 

The  earth,  then,  being  assumed  to  be  a  great  mag- 
net, it  is  easy  to  account  for  the  phenomena  of  mag- 
netic dip  or  inclination.     Let  us  suppose,  as  in  Fig. 


Pig.  103.— Cause  of  the  inclination  or  dip  of  the  magnetic  needle. 


103,  that  the  earth's  magnetism  is  due  to  say  a  single 
magnet,  whose  poles  are  situated  at  the  points  N  and 
S,  respectively,  and  that  dipping  needles  be  sup- theUd?p°pr 
ported  over  different  parts  of  its  surface,  as  shown,  o°ctheauon 
the  north  pole  of  the  needle  being  indicated  by  the  n°«§ie.tlc 
point  of  the  arrow,  it  is  easy  to  see  that  such  needles 
would  come  to  rest  in  different  positions  with  their 
north   poles   pointing   in    the   different    directions 
shown,  and  that  such  directions  would  correspond, 
approximately,  to  the  angle  of  magnetic  dip  in  dif- 
ferent parts  of  the  world. 
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Attempts  have  been  made  to  locate  the  presence  of 
large  bodies  of  iron  ore  below  the  earth's  surface  by 
a  small  magnet  employed  as  a  kind  of  magnetic  di- 
SiluSSg0    vining  rod.     The  use  of  such  an  instrument  does 
rod-  not,  however,  appear  to  have  been  successful,  owing, 

most  probably,  to  the  fact  that  comparatively  small 
quantities  of  iron  ore  near  the  surface  would  affect 
such  an  instrument  as  powerfully  as  much  larger 
bodies  some  little  distance  below  the  surface. 

The  ability  of  the  X-rays,  Becquerel  rays,  and 
other  rays,  to  readily  pass  through  matter  that  is 
«mbiIE"ces  opaque  to  ordinary  light,  has  already  been  referred 
!£j2tic    ta     Magnetic  flux  also  possesses  this  ability,  to  at 
SfdBccqJc-  least  as  marked  a  degree.    As  we  have  seen,  mag- 
rci  rays.     netJc  induction  can  take  place  through  media  opaque 
to  light,  such  as  blackened  glass,  china,  wood,  a 
number  of  pages  of  an  ordinary  book,  and  the  hu- 
man body.     Magnetic  emanations  or  flux  differ, 
however,  from  the  above-mentioned  rays,  in  that,  so 
far  as  is  known,  the  magnetic  rays  are  unable  to  af- 
fect a  photographic  plate  like  the  other  rays.    It  is 
Rcichcn-    true  that  Reichenbach,  in  1844,  asserts  that  there  are 
Se^um?-    people  peculiarly  sensitive  to  magnetic  influences, 
SaulSr*"   who,  in  a  perfectly  dark  room,  can  see  the  emana- 
netS! Jx3£.  tions  at  the  poles  of  a  magnet  (i.e.,  magnetic  flux) 
as  faint  luminous  rays  of  various  colors.    He  claims, 
moreover,  that  photographic  pictures  can  be  obtained 
on  plates  of  the  character  employed  by  Daguerre; 
thus  showing  that  such  emanations  were  actual  and 
not  imaginary.     It  does  not  appear,  however,  on 
trial,  that  this  latter  statement  is  borne  out  by  fact, 
either  in  the  case  of  Daguerre's  sensitive  plates,  or  in 
the  still  more  sensitive  photographic  dry  plates  that 
are  employed  to-day. 
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"Such  an  invention  as  this,  so  sound  in  principle,  so  easy  in 
application,  and  so  universally  beneficial  in  practice,  needs  no 
testimony  of  mine  to  establish  its  merits ;  but  when  I  consider 
the  many  anxious  days  and  sleepless  nights  which  the  useless- 
ness  of  the  compass  in  these  seas  had  formerly  occasioned  me, 
I  really  should  have  esteemed  it  a  kind  of  ingratitude  to  Mr. 
Barlow,  as  well  as  great  injustice  to  so  memorable  a  discov- 
ery, not  to  have  stated  my  opinion  of  its  merits,  under  cir- 
cumstances so  well  calculated  to  put  them  to  a  satisfactory 
trial." — Captain  Parry  on  Barlow's  Soft  Iron  Globe 

IT  is  an  interesting  fact,  that  the  mysterious  power 
of  the  magnetic  needle  to  point,  approximately, 
to  the  geographical  north,  was  employed  to 
guide  vessels  on  the  ocean  when  clouds  so  obscured 
the  sun  or  other  heavenly  bodies,  for  days  at  a  time,  compu* 
as  to  render  them  useless  for  obtaining  general  di- fuSaSf0" 
rections,  many  years  before  our  knowledge  of  them4rne7- 
laws  by  which  the  movements  of  the  needle  werei8mwM* 
governed — even,  in  point  of  fact,  before  any  knowl- 
edge was  had  at  all  of  the  nature  of  the  magnetic 
force  itself. 

There  are  two  things  that  a  navigator  must  know 
in  steering  his  vessel;  viz.,  the  direction  in  which  he  How  a 
is  sailing,  and  the  distance  he  has  passed  over  in  detcSjnles 
any  given  time.    The  first  is  determined,  either  by  tspos,tl°11' 
an  observation  of  a  star  or  other  heavenly  body,  or 
by  the  compass  needle ;  the  second  can  readily  be  ob- 
tained by  reckoning  his  position  astronomically  by 
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means  of  a  comparison  of  the  time  of  noon,  or,  when 

SLvTgttor    Ae  sun  appears  directly  overhead,  with  that  kept  by 

?hcdS!5£ean  accurate  timepiece,  called  a  chronometer.    This 

hugone.    time,  after  the  proper  correction  is  made  for  the 

error  of  the  chronometer,  gives  the  time  of  noon  at 

Greenwich.     The  distance  he  has  passed  through 

may  also  be  determined  by  an  instrument  called  a 


Pig.  104.— Compass  Card.   Here  the  thirty-two  rhumbs  or  points  are  shown,  bat 
the  names  are  attached  to  only  a  few  of  them. 


log,  which  gives  the  rate  at  which  the  ship  is  moving 
at  the  time  when  the  observation  is  made. 


What  the 
compass 

tells  the 
navigator. 


What  a  navigator  sees  in  the  ship's  compass  is  the 
direction  in  which  the  ship  is  sailing.  This  direction 
is  reckoned  as  being  so  many  degrees  to  the  east  or 
to4he  west  of  a  line,  or  more  properly  a  great  circle, 
passing  through  the  north  and  south  magnetic  poles 
of  the  earth,  and  near  the  magnetic  meridian. 
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In  the  magnetic  compass,  as  used  to-day,  the  mag- 
netic needle  is  fixed  to  the  lower  surface  of  a  card,  cmejmm 
called  the  compass  card.     The  face  of  the  compass <ari- 
card  is  marked  with  the  four  cardinal  points,  N.,  S., 
E.,  and  W.,  and  these  are  divided  into  32  points 
called  rhumbs  of  the  compass.     A  compass  card  Rhumbs 
so  divided  is  shown  in  Fig.  104.     Here  it  will  be«"»pMs 


seen  that  the  point  midway  between  N.  and  E.  is 
called  N.  E. ;  the  point  midway  between  N.  and 
N.  E.  is  called  N.  N.  E.,  and  the  point  midway  be- 
tween N.  E.  and  E.  is  called  E.  N.  E.,  and  so  on. 
The  naming  from  memory  of  the  thirty-two  succes- 
sive points,  so  obtained,  is  what  the  sailors  calln^^^ 
"Boxing  the  compass."    These  points  named  in  sue-  """J™ 
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ccssive  order  from  north  around  the  entire  circle  to 
the  point  of  beginning,  are  as  follows : 


N.  by  E. 

E.  by  S. 

S.  by  W. 

W.  by  N. 

Becon.  N.N.  E. 

E.  S.  E. 

s.  s.  w. 

W.  N.  W. 

IB  tw«d.  N.  E.  (jy  N. 

S.  E.  by  E. 

S.  W.  by  S. 

N.  W.  by  W. 

N.  E. 

S.  E. 

S.  W. 

N.  W. 

N.  E.  by  E. 

S.  E.  by  S. 

S.  W.  by  W. 

N.  W.  by  N. 

E.  N.  E. 

S.  S.  E. 

W.  S.  W. 

N.  N.  W. 

E.  by  N. 

S.  by  E. 

W.  by  S. 

N.  by  W. 

It  has  been  found,  however,  in  modern  naviga- 
tion, preferable  to  divide  the  compass  card  into  de- 


grees and  minutes  of  the  circle,  as  shown  in  Fig.  105, 
so  that  instead  of  reading  any  point,  as  for  example, 
the  point  E.  N.  E.,  we  read  N.  670  30'  E.,  and  so  on. 

The  mariner's  compass  is  made  in  a  variety  of 
forms.  One  of  the  most  convenient  is  that  shown  in 
Fig.  106.  Here  the  compass  card  is  placed  inside  a 
box  of  glass,  wood,  or  other  non-magnetic  material, 
called  the  compass  box.  This  box  is  loaded  with  a 
mass  of  lead,  in  order  to  increase  its  stability. 

It  must  be  borne  in  mind  that,  in  the  mariner's 
compass,  unlike  in  the  ordinary  compass  employed 


ii 


THW  MARtXBR'S   COMPASS  29$ 

for  showing  directions  on  land,  a  fixed  compass  card), 
with  a  magnetic  needle  moving  over  the  card,  would  why^^ 
not  be  practicable  on  board  ship,  since  the  vessel  is  ™m[SS'thc 
constantly  changing  its  direction,  and  rocking  and^S1^ 
pitching  to-and-f ro.  It  is  necessary,  therefore,  to  at- SS^move 
tach  the  compass  needle  to  the  card,  and  so  support  to*cthcr- 
the  card  on  a  pivot,  that  both  the  card  and  the  needle 
may   move   together.      As   before   mentioned,   the 
needle  is  fixed  to  the  lower  face  of  the  card,  with  its 
Horth  and  south  points  immediately  below  the  north 
and  south  points  of  the  compass  card.    Consequently, 
all  the  points  on  the  card  will  be  correctly  placed  in 
reference  to  the  magnetic  meridian  of  the  place,  no 
matter  how  the  ship  may  turn. 

In  order  to  prevent  the  pitching  and  rolling  of  the 
ship  from  interfering  with  the  direction  of  the  needle, 
the  compass  box  is  suspended  in  a  box  on  two  con-  Gimbals, 
centric  brass  circles  called  gimbals,  the  horizontal 
pivots  or  axes  of  which  are  at  right  angles  to  each 
other,  as  seen  from  an  inspection  of  the  figure.  As  a 
result  of  this  method  of  support,  the  compass  box  will 
remain  m  a  horizontal  position  during  the  motions 
to  which  the  vessel  is  subjected.  The  box  inside  of 
which  the  compass  is  placed,  is  called  the  binnacle.  The 
The  binnacle  box  is  placed  where  it  can  readily  bebnn  ' 
seen  by  the  man  at  the  wheel.  The  binnacle  box  is 
provided  with  a  lamp,  so  as  to  permit  the  compass 
to  be  read  at  night.  Sights  are  provided  at  G  and 
H,  in  such  a  position  that  the  line  of  sight  passes  di- 
rectly over  the  centre  of  the  compass  card. 


In  its  earliest  form,  the  magnetic  needle  in  the 
mariner's  compass  consisted  of  a  common  sewing 
needle,  which,  after  being  magnetized,  was  passed S^ao? 
through  a  piece  of  cork  and  allowed  to  float  on  aw**^ 
water  surface.    The  length  of  the  needle  was  subee- 
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quently  increased  to  six  inches  or  longer,  the  needle 
being  suspended  in  a  china  bowl  filled  with  water. 
According  to  Harris,  the  present  form  of  compass  is 
of  a  comparatively  recent  date.    Indeed,  ship's  com- 
passes have  been  greatly  improved  since  1820;  for, 
Barlow,  who  was  at  that  time  commissioned  by  the 
thYin?ffi-a  Board  of  Admiralty  of  England  to  investigate  and 
S>m£L£f    report  on  the  actual  conditions  of  ship's  compasses 
priori      then  employed  in  the  Royal  Navy,  informed  the 
l8ao*         Government  "That  at  least  one-half  of  them  were 
mere  lumber,  and  ought  to  be  destroyed." 

In  1750,  Dr.  Gowan  Knight  called  attention  to  a 
source  of  error  in  a  ship's  compass,  arising  from 
defects  in  the  construction  of  the  magnetic  needle. 
At  this  time  compass  needles  were  formed  of  two 
pieces  of  steel,  open  in  the  middle,  and  united  in  the 
form  of  a  lozenge  or  rhombus.  An  examination  of 
some  twenty  of  such  needles  showed  that  all  pos- 
sessed marked  variations  from  the  direction  in  which 
a  properly  constructed  needle  should  point.  This 
was  caused  by  differences  existing  in  the  temper  of 
the  steel  at  different  parts  of  the  needles,  the  hard- 
est side  of  the  lozenge-shaped  needle  possessing  the 
Theinac  greatest  directing  power.  In  other  words,  the  con- 
Snwiiabii-  struction  of  the  needle  resulted  in  its  north  and  south 
lounge-  poles  not  coinciding  with  the  extremities  of  the 
mastic  lozenge-shaped  needle,  and  thus  the  indications  of 
the  needle  would  necessarily  be  false.  Knight  called 
attention  to  the  fact  that  while  a  magnetic  needle  con- 
sisting of  a  piece  of  tempered  steel,  pointed  at  its 
ends,  and  containing  less  metal  near  the  central  parts 
than  toward  the  ends,  was  better  than  the  lozenge- 
shaped  needle,  yet  such  a  needle  was  objectionable, 
since  it  might  acquire  six  poles,  as  might  be  shown 
by  rolling  the  needle  in  iron  filings.  After  a  careful 
study  of  the  problem  Knight  recommended  the  adop- 
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tion  of  needles  made  from  straight,  narrow  sted  straight 
bars,  as  giving  the  best  results,  and  such  needles  are  paas^dies 
practically  the  shape  of  the  needles  employed  in  the preferabIe* 
mariner's  compass  of  to-day. 

The  use  of  several  separate  magnets  on  the  same 
compass  card  is  now  employed  in  Kelvin's  modern  Kevin's 
ship's  compass.  Here  eight  separate  short  steel  SeSS! 
wires,  strongly  magnetized,  and  suspended  side  by 
side  by  threads,  are  attached  to  the  compass  card. 
This  use  of  a  number  of  separate  magnets  extended 
back  nearly  ninety  years. 

It  is  interesting,  in  this  connection,  to  note  the 
views  held  as  to  the  proper  construction  of  compass 
needles  as  early  as  1795,  by  Cavallo  in  his  book  on 
"Electricity,"  before  alluded  to: 

"Compasses  for  the  sea  service  formerly,  and  some 
even  at  present,  are  made  in  the  following  improper 
manner :  The  brass  cap  is  fastened  to  the  middle  of  a  on  shiP'8 

*  compasses. 

circular  card,  upon  which  the  various  points  of  the 
horizon,  as  the  east,  west,  etc.,  are  marked.  On  the 
under  part,  two  pieces  of  magnetic  steel  are  stuck 
fast  to  it,  so  as  to  be  parallel,  and  to  stand  about 
half  an  inch  distant  from  one  another,  the  pin  upon 
which  the  whole  is  suspended  passing  between 
them." 

Harris,  to  whom  we  have  already  referred,  in  con- 
nection with  the  electrical  protection  of  ships  by 
means  of  lightning  rods,  constructed  a  ship's  com-^SSlL 
pass,  which  was  very  generally  employed  both  by  the  1™$^?*** 
English  Government,  and  by  the  East  India  Com- "^p*88** 
pany.    In  this  compass  the  magnetic  needle  was  in 
the  shape  of  a  light,  straight  bar,  from  five  to  seven 
inches  in  length,  mounted  on  an  agate  centre.    The 
needle  was  provided  with  two  small  silver  riders, 
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placed  at  equal  distances  from  the  ends  of  the  bar, 
hardened,  tempered,  and  balanced  on  its  support  be- 
fore being  magnetized.    When  the  needle  was  mag- 
netized its  tendency  to  dip  or  incline  to  the  earth  was 
.  balanced  by  moving  one  of  the  silver  riders  in  the 
proper  direction.     Since  the  magnetic  dip  or  incli- 
%S2%.  nation  varies  in  different  parts  of  the  earth,  the  hori- 
[roe'centre  zontal  position  of  the  needle  requires  an  adjustment 
SUdiV  and  of  the  rider  whenever  either  end  shows  a  tendency  to 
tondipnor     incline.    This  method  was  adopted  in  order  to  lessen 
balanced     the  tendency  of  the  needle  to  oscillate  or  swing.  The 
riSers!va  e  magnetism  of  the  needle  employed  in  Harris's  com- 
pass was  sufficiently  strong  to  enable  it  to  lift  a 
load  three  times  its  own  weight. 

Harris  made  an  improvement  in  his  compass  by 
means  of  which  he  prevented  the  needle  from  con- 
tinuing its  oscillations  to-and-fro,  and  thus  causing 
it  to  come  quickly  to  rest  in  its  true  pointing  posi- 
tion. This  he  obtained  by  means  of  a  heavy  ring  of 
copper  ring  copper,  placed  near  the  outer  edge  of  the  compass 
checJcos-7   card.    The  ability  of  such  a  metallic  ring  to  deaden 

dilations  of  ,  .  ,,  .  .  t1  *  •   , 

compass  or  stop  a  rapidly  moving  magnetic  needle,  near  which 
it  is  placed,  is  due  to  electrical  currents  induced  in 
the  copper  ring  by  the  movements  of  the  magnetic 
needle,  in  a  manner  that  we  shall  subsequently  dis- 
cuss. The  supporting  point,  on  which  the  needle 
rested,  was  made  in  two  pieces  in  order  to  enable  it 
rapidly  to  be  unscrewed  from  its  support,  reversed, 
and  again  placed  in  position.  By  these  means  the 
supporting  point  could  be  readily  replaced  in  case 
of  injury  or  marked  wear. 

It  would  seem  to  be  quite  a  simple  matter  to  obtain 
the  true  course  of  a  ship  by  means  of  the  mariner's 
compass,  since,  apparently,  it  is  only  necessary  that 
one  observe  the  direction  in  which  the  needle  points. 
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This,  however,  is  far  from  being  the  case.    In  the 
first  place,  when  the  direction  of  the  needle  is  ascer-  2*?^"* 
tained,  it  is  necessary  to  make  a  correction  for  the  SiSS&iauc 
declination  or  variation  at  the  place  in  which  the2SJ?sa 
ship  may  then  happen  to  be.    But  even  when  such  a  com^am 
correction  is  made  the  precautions  are  only  partly 
taken.    There  are  other  variations  of  the  needle,  of  a 
local  character,  that  are  far  more  difficult  to  correct. 
Such  are  the  deviations  produced  by  masses  of  iron 
in  the  ship,  such  as  are  found  in  wooden  ships,  in  its 
guns,  anchors,  cables,  etc.     The  disturbances  thus 
caused,  in  some  cases,  produce  variations  amounting 
to  as  much  as  150  or  200. 

But  if  such  marked  deflections  occur  in  wooden 
ships,  what  must  they  be  in  ships  made  entirely 
of  steel  ?  Here  the  necessity  for  correction  is  greatly 
increased.  This  difficulty  will,  perhaps,  be  better  un-  aSounfo?f 
derstood  when  it  is  remembered  that  the  masses  of  tSSJin^fn 
iron  and  steel  in  a  ship  become  magnetized,  by  indue- Sups.** 
tion  from  the  earth,  in  a  direction  parallel  to  the  dip 
of  the  needle,  and  with  a  magnetic  intensity  propor- 
tional to  the  intensity  of  the  earth's  magnetism  at 
that  place.  Now  such  masses,  when  of  hardened 
steel,  become  permanently  magnetized,  and  when  of 
soft  iron,  only  temporarily  magnetized.  When, 
therefore,  the  ship  crosses  the  Magnetic  Equator  of 
the  earth,  all  the  poles  of  the  temporary  magnets  are 
instantly  reversed,  while  the  poles  of  the  permanent 
magnets  are  either  not  reversed  at  all,  or  only  change 
their  direction  after  comparatively  long  periods  of 
time. 

The  following  account  of  the  loss*of  an  iron  ship, 
resulting  from  a  false  course,  due  to  local  variations 
of  the  compass  needle,  is  thus  given  in  a  report  made 
at  the  twenty- fourth  meeting  of  the  British  Associa- 
tion, at  Liverpool : 
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"A  most  lamentable  instance  ol  the  loss  oi  an  iron 
ship  in  consequence  of  changes  in  the  action  of  her 
compasses,  occurred  in  the  early  part  of  the  year 
1854.  The  circumstances  were  as  follows :  The  shipv 
Tayleur,  a  new  vessel  bound  to  Australia,  sailed 
from  Liverpool  on  Thursday,  19th  January;  she  was 
of°theloss  J>979  tons  burden,  new  measurement,  and  she  had: 
(^Lamtey  on  board  458  passengers — the  crew  and  passengers 
SSr  byn  together  making  a  total  of  528  persons.  She  left  the 
tiSnoVfana"  Mersey  about  noon,  and  the  pilot  left  her  between. 
Smpkss.  "  seven  and  eight  o'clock  in  the  evening  in  a  position 
between  Point  Lynas  and  the  Skerries.  On  Friday 
she  encountered  very  heavy  weather,  and  about  eight 
o'clock  on  the  following  morning  it  was  for  the  first 
time  ascertained  that  there  was  any  material  differ- 
ence between  her  compasses.  One  was  near  the 
helmsman,  and  was  the  one  by  which  he  was  steer- 
ing; the  other  was  near  the  mizzen  mast.  Both  of 
these  compasses  had  been  adjusted  by  permanent 
magnets,  so  that  if  the  principle  of  adjustment  had 
been  correct,  they  should  not  either  have  changed  or 
differed  from  each  other.  Trusting  to  the  compass 
near  the  helmsman,  the  captain  had  the  idea  firmly 
impressed  upon  his  mind  that  he  was  sailing  fairly 
down  almost  mid-channel;  at  all  events,  in  a  good 
position  for  navigating  the  Irish  channel.  The  other 
compass  indicated  a  difference  of  about  two  points; 
the  captain,  however,  judging  from  certain  indica- 
tions which  he  had  noticed  previously,  assumed  that 
the  wheel  compass  was  the  correct  one.  In  the  course 
of  a  few  hours — about  half-past  eleven  o'clock  on  the 
same  morning — the  wind  having  increased  and  a 
heavy  sea  setting  up  the  channel,  the  ship  made 
rather  a  rapid  progress,  when  they  came  suddenly 
in  sight  of  land  on  the  lee  beam  in  such  a  position 
that  there  was  necessarily  a  great  difficulty — in  this 
case  (according  to  the  measures  pursued),  an  in- 
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surmountable  difficulty — in  avoiding  the  land.  An 
attempt  was  made  to  wear  the  ship  round ;  this  failed, 
and  then  an  attempt  was  made  to  use  the  anchors  to  too  utc  to 
bring  her  up.  Both  the  cables  snapped  on  the  occa-  2K£ the 
si  on,  and  the  ship  was  thus  left  helpless,  driving 
broadside  upon  the  rocks  of  Lambay  Island.  The 
result  was  the  fearful  catastrophe  of  the  loss  of  about 
290  lives!  Inquiries  were  instituted  by  the  Board 
of  Trade  in  two  departments ;  one  by  means  of  Cap- 
tain Walker,  of  the  Navy,  who  ascribed  the  loss  of 
the  vessel  to  the  captain's  supposition  that  the  com- 
pass by  the  helm  was  correct;  the  other  by  means 
of  the  Marine  Board  of  Liverpool,  who  reported 
that  although  the  captain  had  given  very  great 
attention  to  the  ascertaining  of  the  correctness  of  his 
compasses,  yet  the  Tayleur  was  brought  into  the 
dangerous  position  in  which  the  wreck  took  place, 
through  the  deviation  of  the  compasses — the  cause 
of  which,  they  (the  Marine  Board)  had  been  un- 
able to  determine." 

Various  devices  have  been  employed  for  the  pur- 
pose of  correcting  the  local  deflections  in  the  ship's 
compass  needle.  Barlow,  in  18 18,  made  an  ex- 
tended examination  of  the  local  variation  of  the  Brum's 

.    .  .  .  valuable 

ship's  compass,  arising  from  the  masses  of  iron  in^80™?^ 
its  guns.     In  the  course  of  this  investigation,  he  ""^con- 
found that  globes  of  soft  iron,  shaped  like  bomb-  gjjfgj^ 
shells,   one  foot  or  more  in  diameter,  acted  like 
miniature  copies  of  the  earth,  by  reason  of  the  in- 
ductive  action   which   the   earth's   magnetism   ex- 
erted on  them.    These  globes,  having  their  magnetic 
axes  in  the  line  of  the  dip,  and  their  equator  at  right 
angles  to  their  axes,  would  prevent  a  delicate  mag- 
netic needle,  when  supported  on  their  equatorial  line, 
from  being  disturbed  by  the  magnetism  of  sur- 
rounding bodies.     Therefore,  such  a  globe  of  iron, 
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placed  in  a  certain  relation  to  the  ship's  compass, 
would  shield  it  from  disturbance  by  outside  mag- 
netic forces. 

Barlow's  device  was  introduced  into  the  Royal 
Navy,  and  was  soon  adopted  by  all  the  navies  of  the 
S^oP1  world.  Even  in  regions  like  those  near  the  magnetic 
invention,  poles  of  the  earth,  where  ordinary  magnets  are 
practically  valueless,  compasses  so  protected  have 
been  found  able  to  indicate  the  true  magnetic  direc- 
tion. 

•  » 

The  Board  of  Longitude  awarded  to  Mr.  Barlow, 
gift  for       for  this  valuable  invention,  a  prize  of  £500,  while 
the  Emperor  of  Russia  presented  him  with  a  fine 
watch  and  chain. 

Attempts  have  been  made  to  overcome  local  at- 
traction by  means  of  permanent  magnets  placed  in 

Additional  •  •..  ,    .t  «•    >  n*»t_ 

use  of  various  positions  around  the  ship  s  compass.  The 
Sgneitt.nt  method  generally  adopted  at  the  present  time,  as 
affording  the  best  protection,  is  to  employ  Barlow's 
globes  for  variations  due  to  masses  of  soft  iron  in 
the  ship,  and  permanent  magnets  for  those  due  to 
the  magnetized  masses  of  hardened  iron  and  steel. 

Before  leaving  this  subject,  it  may  be  well  to 
inquire  briefly  into  the  character  of  the  errors  that 
occur  in  the  direction  of  a  ship's  compass  by  the 
magnetism  of  the  ship.  It  is  evident  that  the 
amount  of  this  local  deflection  of  the  needle  must 
necessarily  vary  according  to  the  character  of  the 
magnetization  of  the  ship  when  the  ship  is  sailing 
in  different  directions,  the  amount  being  one  thing 
when  the  ship  is  sailing  in  the  direction  of  the 
magnetic  meridian,  and  quite  another  thing  when 
it  is  sailing  in  a  direction  at  right  angles  thereto. 
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Such  errors  can  be  arranged  generally  under  three 
heads:  viz.,  the  semicircular  error,  the  quadrantal ^^ 
error,  and  the  heeling  error.    The  semicircular  error  ^Ur 
is  that  caused  by  the  permanent  magnetism  of  the 
ship  considered  as  a  steel  bar  magnet.  This  error  is 
called    semicircular   because  it   causes  an   easterly 


Fig.  to?.— Kelvin'*  Compensating  Binnacle.  The  Barlow  quadntnul  cor- 
rector* are  tcea  to  the  right  ud  kft  of  the  compan  in  the  shape  of  two  *pherei 
of  toll  iron. 

deviation  of  the  compass  needle  while  the  ship  is 
turning  through  one-half  circle,  and  a  westerly  de- 
viation while  the  ship  is  turning  through  the  remain- 
ing half-circle  The  quadrantal  error  is  the  error  due 
to  the  induced  magnetism  of  the  ship's  iron  con-Sro?.™"1 
sidered  as  a  mass  of  soft  iron.  Such  a  magnetiza- 
tion changes  when  the  ship  crosses  the  Magnetic 
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Equator.  It  is  called  the  quadrantal  error  because 
the  deviation  is  easterly  during  two  quadrants  or 
quarter  circles,  and  westerly  during  the  remaining 
alternating  quadrants.  The  heeling  error  is  that 
caused  by  both  the  permanent  and  temporary  mag- 
netism of  the  ship  acting  in  a  vertical  plane,  and 


fie.  .oS.— RiKRB'  Omnpennlinfr  Binnacle  for  Pilot  Home  or  Deck.  Bendci 
the  Bnrlnw  qnadnatal  corrector,  the  open  door  of  thr  boi  iboim  the  correct- 
ing magnets. 

which,  therefore,  only  acts  when  the  ship  is  pitching 
or  "heeling  over." 

A  form  of  modern  ship's  compass  mounted  in  a 
binnacle  box,  is  shown  in  Fig.  107.     This  is  the 
"  form  devised  by  Kelvin.    The  compass  needle  con- 
sists of  six  slender  rods  of  hardened  steel,  placed 
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under  the  surface  of  the  compass  card.  The  Bar- 
low soft-iron  globes,  called  the  quadrantal  compen- 
sators, are  placed  as  shown  on  each  side  of  the  com- 
pass box  beneath  the  compass  case,  and  inside  the 
support  on  which  the  box  rests  are  placed  permanent 
magnets  of  hardened  steel,  in  such  positions  as  to 
best  compensate  for  the  semicircular  error.  An- 
other permanent  magnet  is  placed  so  as  to  compen- 
sate for  the  heeling  error.  In  order  to  check  the 
oscillations  of  the  compass  needle,  the  needle  is 
surrounded  by  some  viscid  liquid,  such  as  oil  or 
glycerine. 


Riggt'com- 


A  form  of  compensating  binnacle,  known  as  the 
Riggs'  compensating  binnacle,  is  shown  in  Fig.  108. 
Here  besides  the  Barlow  quadrantal  compensators,  jSntfav 
can  be  seen  through  the  open  door  of  the  case  some 
of  the  correcting  magnets. 
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CHAPTER     XX 


ACTION    OF    MAGNETISM    ON    ALL    BODIES 

"Of  the  substances  which  compose  the  crust  of  the  earth,  by 
far  the  greater  portion  belongs  to  the  diamagnetic  class;  and 
though  ferruginous  and  other  magnetic  matters,  being  more 
energetic  in  their  action,  are  consequently  more  striking  in 
their  phenomena,  we  should  be  hasty  in  assuming  that  there- 
fore they  overrule  entirely  the  effect  of  the  former  bodies.  As 
regards  the  ocean,  lakes,  rivers,  and  the  atmosphere,  they  will 
exert  their  peculiar  effect  almost  uninfluenced  by  any  magnetic 
matter  in  them ;  and  as  respects  the  rocks  and  mountains,  their 
diamagnetic  influence  is  perhaps  greater  than  might  be 
anticipated." — Experimental  Researches  in  Electricity,  2448: 
Michael  Faraday 


1 


N  early  times  it  was  believed  that  comparatively 
few  metals  besides  iron  and  steel  possessed 
the  power  of  acquiring  magnetism.     Indeed, 
even  at  the  present  time,  it  is  quite  common  to  call 
magnetic    certain   metals,   such   as   iron,   nickel,   manganese, 
metais.      cobalt,  chromium  and  cerium,  the  magnetic  metals, 
as  we  have  already  done  in  a  prior  chapter.     In 
fact,  however,  there  are  practically  no  substances 
that  are  not  affected,  at  least  to  some  small  degree, 
by  the  action  of  powerful  magnetic  flux.     Since  the 
extent  to   which  these  substances  are  affected  is 
quite  small,  no  serious  difficulty  arises  from  calling 
the  before-mentioned  metallic  substances  the  mag- 
netic metals.     It  is  exceedingly  important,  however, 
sun8c^s      that  we  study  somewhat  more  in  detail  the  manner 
magnetic7  in  which  practically  all  substances  are  affected  by 
magnetic  flux  when  sufficiently  powerful. 


ACTIO*    OF   MAGNETISM    OW   ALL   BODIES  311 

In   1778,   Brugmans,  of  Leyden,  while  making 
some  experiments  on  the  action  of  magnetism  on  a^Jd*"1*118 
lump  of  metallic  bismuth;  suitably  suspended  near3***111*1*1* 
the  pole  of  a  magnet,  noticed  that  the  bismuth  was  repulJTon* 
apparently  repelled.     In   1827,  Becquerel  observed  LdSS- 
that  a  similar  action  was  produced  in  a  lump  of  an-mon7' 
timony  under  the  same  circumstances. 

In   1786,  Cavallo  discovered  that  by  the  act  ofcavaiio. 
hammering,    brass    acquires    magnetic    properties.  Brass  mag- 
He  also   found  that   rhodium   and  iridium,   when  hammering 
heated,  were  acted  on  by  a  magnet  in  the  same  man- 
ner as  iron. 

In  1802,  Coulomb  made  a  number  of  experiments 
with   slender  needles  of  different  substances,   sus-  coulomb's 

magnetic 

pended  between  the  poles  of  magnets,  and  endeav-expen- 
ored  to  trace  the  influence  the  magnet  poles  exerted 
on  such  needle  by  causing  them  to  swing  while  so 
suspended.  He  found  that  all  the  substances  on  which 
he  experimented  came  to  rest  with  their  greatest 
length  extended  between  the  magnet  poles.  Cou- 
lomb believed  that  the  cause  of  this  similarity  of 
action  was  to  be  traced  to  the  presence  of  small  quan- 
tities of  iron  existing  as  impurities  in  the  different 
substances. 

In  1829,  Arago  extended  these  observations  of 
Coulomb  with  the  following  modification;  viz.,  in- 
stead, of  causing  the  substances  to  vibrate  or  oscil-^^J**- 
late  when  under  the  influence  of  a  magnet  pole,  he^^^*** 
kept  the  substances  at  rest,  and  endeavored  to  ascer- 
tain their  influence  on  a  magnetic  needle  brought 
near  it,  by  causing  the  magnetic  needle  to  oscillate  or 
vibrate.  He  found  that  the  influence  of  such  sub- 
stances, generally,  was  to  check  the  oscillations  of 
the  needle,  or  to  bring  it  to  rest  more  quickly  than  if 
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it  had  not  been  in  the  neighborhood  of  the  substance. 
He  found  that  metallic  substances,  or  good  conduc- 
tors of  electricity,  were  especially  able  to  thus  check 
vibrations  of  the  needle.  We  know  now  that  such 
experiments  were  exceedingly  deceptive,  the  effects 
being  similar  to  those  produced  in  the  compass 
needle  of  Harris,  to  which  we  have  already  al- 
luded. It  can  be  shown  that  magnetic  needles, 
when  caused  to  move  past  metallic  masses,  set  up 
electrical  currents  in  such  masses,  and  that  it  was 
these  currents  that  affected  the  movements  of  the 
magnetic  needle. 

It  was  not  until  1845,  when  the  great  Faraday 
investigated  the  matter,  that  a  true  light  was  thrown 


Fig.  109.— Action  of  Magnetic  Flux  on  Bar  of  Paramagnetic  Substance.  Note 
the  fact  that  the  bar  comes  to  rest  with  its  longer  axis  in  the  same  direction  as 
that  in  which  the  magnetic  flux  passes  from  one  magnet  pole  to  the  other. 
The  heavy  pole-pieces  on  the  magnet  serve  to  concentrate  the  magnetic  flux. 


on  these  curious  phenomena.  By  employing  very 
powerful  magnetic  flux,  such,  for  example,  as  that 
ISSSOK*  Pr0(luced  by  electro-magnets,  Faraday  found  that 
all  of  the  substances  on  which  he  experimented, 
whether  solids,  liquids  or  gases,  were  influenced  by 
magnetism.  Faraday  shaped  the  substances  on 
which  he  experimented  in  the  form  of  slender 
needles  or  bars,  and  suspended  them  between  the 
magnet  poles,  so  as  to  be  able  to  move  readily  in  a 


on  para- 
magnetic 
anddia- 


ACTION    OF   MAGNETISM   ON   ALL   BODIES 


313 


horizontal  plane  like  a  compass  needle.  Under  these 
circumstances  he  found  that  many  substances  acted 
like  iron  or  steel,  and  came  to  rest,  as  shown  in  Fig. 
109,  with  their  greatest  length  in  the  direction  in 
which  the  magnetic  flux  passed ;  i.e.,  axially,  or  with 
their  greatest  length  extending  directly  between  the 
poles,  as  if  they  were  attracted  by  magnetism.  He 
found,  however,  that  other  substances,  such  as  bis- 
muth and  antimony,  acted  as  if  they  were  visibly 
repelled  by  the  magnetic  flux.  Such  substances 
came  to  rest  equatorially,  as  shown  in  Fig.  no,  or 
with  their  greatest  length  at  right  angles  to  the  direc- 


Fig.  110. —Action  of  Magnetic  Flux  on  Bar  of  Diamagnetic  Substance.  Note 
that  the  bar  comes  to  rest  with  its  shortest  dimensions  in  the  direct  path  of  the 
magnetic  flux. 

tion  in  which  the  magnetic  flux  was  passing  between 
the  poles. 

Faraday  called  substances  that  acted  like  iron  par- 
amagnetic; i.e.,  magnetic  after  the  manner  of  iron,  Para-  . 
and  those  that  were  apparently  repelled,  like  bis-arSm? 
muth  and   antimony,   he  called  diamagnetic  sub-  lubstances. 
stances.     When  this  distinction  was  recognized  para- 
magnetic substances  were  sometimes  called  simply 
magnetic  substances,  or  ferro-magnetic  substances. 


Faraday  described  the  result  of  these  experiments 
in  a  paper  to  the  Royal  Society  of  London,  in  1845. 
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Diamag- 

netic 

polarity. 


Before  the  time  of  these  investigations  it  was  be- 
lieved that  all  substances  are  visibly  magnetic,  after 
the  manner  of  iron,  most,  however,  being  influenced 
only  to  a  very  small  degree.  At  first  Faraday  be- 
lieved that  he  had  demonstrated  the  existence,  not  of 
a  weak  magnetic  force  acting  in  the  same  direction 
as  in  iron,  but  of  a  new  force  acting  in  an  absolutely 
opposite  or  reversed  direction  to  what  it  does  in 
iron.  He  believed  that  there  existed  a  peculiar 
character  of  polarity  in  diamagnetic  substances, 
which  he  called  diamagnetic  polarity,  that  is,  a  po- 
larity the  reverse  of  ordinary  polarity.  He  believed 
that  when  a  diamagnetic  substance  acted  to  produce 
magnetism  by  induction,  it  produced  a  pole  of  the 
same  name,  instead  of,  as  in  ordinary  magnetism, 
a  pole  of  an  opposite  name,  and  explained  the  re- 
pulsion which  he  thought  took  place,  by  the  action 
of  these  similar  poles. 


General 
disbelief 
in  the  exist- 
ence of  a 
diamag- 
netic 
polarity. 


Diamag- 
netic sub- 
stances 
less  perme- 
able to 
magnetic 
flux  than 
paramag- 
netic sub- 
stances. 


Faraday's  belief  in  a  diamagnetic  polarity  is  now 
generally  discredited  by  scientific  men.  Indeed,  Far- 
aday himself,  at  a  later  date,  abandoned  this  belief, 
although  Weber  and  Tyndall  refused  to  disbelieve 
in  its  existence.  The  explanation  now  generally 
given  for  the  apparent  repulsion  of  bismuth  and 
other  diamagnetic  substances,  when  suspended  in  the 
shape  of  slender  bars  between  powerful  magnet 
poles,  is  as  follows :  The  position  the  bar  assumes  is 
not  due  to  any  peculiar  or  diamagnetic  polarity,  but 
simply  to  the  fact  that  the  bismuth  permits  the  lines 
of  magnetic  force  to  pass  through  it  less  readily  than 
through  the  air  which  surrounds  it.  A  movement, 
therefore,  takes  place  in  the  substance  suspended 
between  the  poles,  until  the  air  and  the  bismuth  are 
arranged  so  as  to  offer  the  least  resistance  to  the  pas- 
sage of  the  flux  out  of  the  north  pole  and  into  the 
south  pole  of  the  magnet.    Now  this  will  only  be 
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attained  when  the  least  dimensions  of  the  bismuth 
and  the  greatest  dimensions  of  the  air  are  so  inter- 
posed. Faraday  showed  that  the  oxygen  of  the  air 
is  paramagnetic,  or  magnetic  after  the  manner  of 
iron.  It  is,  therefore,  placed  with  its  greatest  mass 
directly  between  the  poles,  and  this  it  can  only  do 
when  the  bismuth  comes  to  rest  with  its  least  mass 
at  right  angles  to  such  directions. 

In  the  following  list  are  given  a  number  of  para-  List  of 
and  diamagnetic  substances. 

Paramagnetic 
Iron 
Nickel 
Cobalt 
Manganese 
Chromium 
Cerium 
Titanium 
Palladium 
Osmium 
Oxygen  gas 


paramag- 
netic and 
diamag- 
netic sub- 
stances. 


Diamagnetic 
Bismuth 
Phosphorus 
Antimony 
Zinc 
Tin 

Cadmium 
Mercury 
Lead 
Silver 
Copper 
Gold 
Arsenic 
Water 
Alcohol 
Selenium 
Sulphur 
Hydrogen 

Faraday  found  that  all  substances,  whether  solids, 
liquids,  or  gases,  are  acted  on  to  some  extent  by  mag- 
netism.     When    experimenting   with    liquids,    the 
liquids  were  sometimes  placed  in  shallow  glass  ves- 
sels; for  example,  watch  crystals,  supported  on  thej^ijws  and 
poles  of  powerful  electro-magnets.     Under  these  £53 Sn  by 
circumstances,  paramagnetic  liquids  or  solutions  ex-magneli8m* 
hibited  curious  changes  in  shape  while  under  the  in- 
fluence of  the  magnetic  flux,  being  heaped  up  so  as 
to  place  the  greater  part  of  their  length  in  the  direc- 
tion of  the  flux,  as  shown  at  A,  in  Fig.  in,  at  the 
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top  of  the  figure,  while  diamagnetic  liquids  assume 
such  changes  in  shape  as  would  place  the  greater 
part  of  their  mass  at  right  angles  to  this  direction, 
as  at  B,  at  the  bottom  of  the  same  figure.  Some- 
times, instead  of  placing  the  liquids  in  open  glass 
mcStlon  vessels,  they  were  placed  in  thin  glass  tubes.  Such 
iSn?d.ub"  tubes,  when  filled  with  paramagnetic  liquids,  came 
to  rest  axially,  like  rods  of  iron,  and,  when  filled 
with  diamagnetic  liquids,  came  to  rest  equatorially, 


s: 


Fig.  izz. — Action  of  Magnetic  Plux  on  Paramagnetic  and  Diamagnetic  Liquids. 

like  rods  of  bismuth.  When  glass  tubes  were  em- 
ployed, in  order  to  avoid  the  influence  exerted  by 
the  glass  itself  on  the  direction  in  which  the  tube 
would  come  to  rest,  the  tube  was  made  as  thin  as 
possible. 

When  experimenting  on  gases,  the  streams  of  the 
different  gases,  when  permitted  to  flow  between  the 
magnet  poles,  were  turned  out  of  their  course  while 
under  the  influence  of  the  magnetic  flux.  Since  most 
cUir-  gases  are  invisible,  they  were  mixed  with  a  suflS- 
candte f  cient  quantity  of  smoke  or  some  visible  vapor.  Can- 
flamc'  die  and  gas  flames,  consisting  as  they  do  of  streams 
of  heated  gas,  assume  curious  shapes  when  placed 
between  powerful  magnetic  poles.  The  effect  pro- 
duced on  the  candle  flame  is  shown  in  Fig.  112. 
This  flame  is  diamagnetic.  The  effect  of  the  mag- 
netic flux,  therefore,  is  to  set  the  flame  at  right 
angles  to  the  path  of  the  flux. 


Diam 
netic 
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One  of  the  most  important  results  of  these  inves- 
tigations of  Faraday  was  the  discovery  of  the  para- 
magnetic character  of  oxygen,  and  of  the  neutral 
character   of  nitrogen.      Since  two-ninths   of  the 
weight  of  the  atmosphere  is  composed  of  oxygen,  aSe™5-°° 
substance  that  is  magnetic  after  the  manner  of  iron.ESSwrf 
and  since,  moreover,  this  substance  manifests  marked  d«f  ma- 
changes  in  its  magnetic  properties  with  changes  oftbtitao*1 
temperature,  it  can  be  seen  how  strongly  it  would  af-phm 
feet  the  direction  of  magnetic  needles  that  are  com- 
pletely surrounded  by  it.    Faraday  pointed  out  that 
such  changes  in  temperature  would  necessarily  pro- 


duce changes  in  the  direction  of  magnetic  needles, 
and,  as  we  have  already  seen,  proposed  a  theory  for 
the  earth's  magnetism  based  on  this  effect. 

In  his  "Experimental  Researches,"  No.  2847,  Vol- 
ume III.,  page  218,  on  "Atmospheric  Magnetism," 
Faraday  speaks  as  follows,  as  to  the  effect  which  the 
magnetic  character  of  the  oxygen  of  the  air  should  8S2KIS- 
have  on  the  variations  of  the  compass  needle:  S^'aSE* 

"It  is  to  me  an  impossible  thing  to  perceive,  that  Seum."** 
two-ninths  of  the  atmosphere,  by  weight,  is  a  highly 
magnetic  body,  subject  to  great  changes  in  its  mag- 
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netic  character,  by  variations  in  its  physical  condi- 
tions of  temperature  and  condensation  or  rarefac- 
tion (2780),  and  at  the  same  time  subject  to  these 
physical  changes  in  a  high  degree,  by  annual  and  di- 
urnal variations,  in  its  relation  to  the  sun,  without 
being  persuaded  that  it  must  have  much  to  do  with 
the  disposition  of  the  magnetic  forces  upon  the  sur- 
face of  the  earth  (2796),  and  may  perhaps  account 
for  a  large  part  of  the  annual,  diurnal  and  irregular 
variations,  for  short  periods,  which  are  found  to 
occur  in  relation  to  that  power.  I  cannot  pretend 
to  discuss  this  great  question  with  much  understand- 
ing, seeing  that  I  have  very  little  of  that  special 
knowledge  which  has  been  accumulated  by  the  ex- 
ertions of  the  great  and  distinguished  laborers, 
Humboldt,  Hansteen,  Arago,  Gauss,  Sabine,  and 
many  others,  who  have  wrought  so  zealously  at  ter- 
restrial magnetism  over  the  surface  of  the  whole 
earth.  But  as  it  has  fallen  to  my  lot  to  introduce 
certain  fundamental  physical  facts,  and  as  I  have 
naturally  thought  much  upon  the  general  principles 
which  tend  to  establish  their  relation  to  the  mag- 
netic actions  of  the  atmosphere,  I  may  be  allowed  to 
state  these  principles  as  well  as  I  can,  that  others 
may  be  placed  in  possession  of  the  subject.  If  the 
principles  are  right,  they  will  soon  find  their  special 
application  to  magnetic  phenomena  as  they  occur  at 
various  parts  of  the  globe.' ' 

It  was  while  conducting  the  above  investigations 

on  para-  and  diamagnetism,  that  the  thought  sug- 

The  mag-    gested  itself  to  Faraday  that  it  might  be  possible  to 

ration  of     separate  the  oxygen  and  the  nitrogen  of  the  atmos- 

f entaS?"  phere  ty  nwd"n&  use  °i  ^e  paramagnetic  character 
atmosphere  0f  oxygen.    Faraday  apparently  made  a  number  of 
unsuccessful  attempts  to  effect  this  separation.    Not- 
withstanding his  failure,  he  still  believed  that  the 
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great  difference  between  the  magnetic  character  of 
oxygen  and  nitrogen  should  render  their  magnetic 
separation  possible.  Bearing  in  mind  the  exceed- 
ingly powerful  magnetic  fields  that  can  be  obtained 
to-day,  it  would  seem  that  this  idea  of  Faraday's 
might  be  carried  out  on  a  commercial  scale  by  .com- 
bining with  powerful  magnetism  suitable  differ- 
ences of  temperature. 

During  some  of  the  many  experiments  tried  by 
Faraday  on  the  influence  of  magnetism  on  different 
substances,  he  noticed  that  certain  crystalline  bodies 
were  differently  affected  by  magnetism  in  different  cmSSif?16" 
directions ;  for  example,  he  found  that  a  crystal  of  orcc" 
tourmaline,  which  generally  acts  as  a  paramagnetic 
substance,  manifested  diamagnetic  properties  if  sus- 
pended in  a  certain  direction.  He  also  noticed  the 
same  thing  in  crystals  of  bismuth.  From  these  re- 
sults he  concluded  that  there  existed  in  crystals  a 
peculiar  variety  of  force,  for  which  he  proposed 
the  name  of  magne-crystallic  force.  Pliicker,  who 
studied  these  phenomena,  asserted  that  a  distinct  observation 
relation  exists  between  the  shape  of  the  ultimate 
particles  or  atoms  of  matter  and  their  magnetic 
phenomena.  This  subject,  however,  is  still  to  be 
regarded  as  somewhat  obscure. 
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CHAPTER  XXI 

RELATIONS  BETWEEN  MAGNETISM  AND  LIGHT 

"We  have  now  a  real  undulatory  theory  of  light,  no  longer 
based  on  analogy  with  sound,  and  its  inception  and  early  devel- 
opment are  among  the  most  tremendous  of  the  many  achieve- 
ments of  the  latter  half  of  the  Nineteenth  Century." — Modern 
Views  of  Electricity :    Lodge 

IN  1845,  Faraday  made  some  experiments  in  which 
he  showed  that,  under  certain  circumstances, 
magnetism  is  able  to  affect  light.  As  is  well 
known,  light  is  produced  by  very  rapid  to-and-fro 
motions,  or  vibrations,  in  an  exceedingly  rare,  at- 

mamtiJmf  tenuated   medium,    called   the   luminiferous    ether. 

on  ight.  -p^is  medium  is  practicality  without  weight,  and  not 
only  is  believed  to  fill  all  space,  but  even  to  exist  be- 
tween the  molecules  and  atoms  of  all  matter.  In- 
deed, in  accordance  with  opinions  generally  held  to- 
day, which  discredit  the  atomic  theory  of  matter,  it 
is  believed  to  exist  even  between  the  exceedingly 
small  corpuscles  of  which  the  atoms  of  gross  mat- 
ter are  now  thought  to  be  composed.  Light  is  trans- 
mitted across  space  by  means  of  vibrations ;  the  light 
of  the  sun,  for  example,  is  transmitted  across  the 

Theiumi-    space  existing  between  the  sun  and  the  earth  by 

2thcrrOUS  means  of  vibrations  or  waves  in  the  luminiferous 
ether. 

The  vibrations  producing  light  are  exceedingly 
Ji'lfrations  rapid,  varying  according  to  the  color  of  the  light, 
?a$Tcly    from  477,000,000,000,000  vibrations  per  second  in 
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red  light,  to  699,000,000,000,000  vibrations  per  sec- 
ond in  violet  light. 

A  ray  of  light  is  said  to  be  polarized  when  its  vi- 
brations take  place  in  one  plane,  polarized  light  dif- 
fering from  ordinary  light,  in,  that  in  the  latter,  the 
plane  in  which  the  particles  are  vibrating  is  con-  Jffi} 
stantly  changing  its  direction.  Polarized  light  is 
readily  obtained  in  a  variety  of  ways ;  for  example, 


PoUfiKd 


Fig.  113.— Apparatus  for  Experiment*!  Demonstration  of  the  Rotation  of  toe 
Plane  of  Polarization  ol  Light  By  the  action  of  magnetic  Box  on  a  plate  of  a 
peculiar  kind  of  glaBa. 

by  merely  passing  a  beam  of  light  through  a  thin 
slice  of  tourmaline,  all  the  light  that  issues  from  the 
tourmaline  plate  has  its  vibrations  limited  to  a  single 
plane.    In  other  words,  the  light  is  polarized. 

Now,  Faraday  discovered  that,  when  a  ray  of 
polarized  light  is  passed  through  certain  substances,  Magnetism 
in  a  direction  parallel  to  that  in  which  powerful  "lite'of0* 
magnetic  flux  is  passing,  the  plane  in  which  the  light  Son^*" 
is  polarized  will  suffer  a  rotation  or  turning  while  u*ht' 
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the  light  is  passing  through  the  medium.  In  other 
words,  that  magnetism  possesses  the  power  of  turn- 
ing or  rotating  the  plane  or  polarization  of  light. 

The  manner  in  which  Faraday  made  this  valuable 
discovery  is  shown  in  Fig.  113,  where  M  and  N, 
are  two  powerful  electro-magnets  employed  to  pro- 
Appva  us  duce  the  necessary  magnetic  flux.  The  magnets  em- 
SgFEa1-1"  ployed  here,  as  will  be  more  thoroughly  explained 
pcSment.  under  the  head  of  electro-magnetism,  are  practically 
of  the  horseshoe  type,  in  which  the  magnetizing 
coils,  M  and  N,  are  placed  near  the  ends  of  the  open 
rectangular  frame,  or  flattened  U-shaped  mass  of 
soft  iron.  The  magnet  cores,  or  the  masses  of  iron 
inside  the  coils,  M  and  N,  are  hollowed  out,  so  as 
•  to  permit  a  ray  of  light  to  readily  pass  through  them. 
A  small  plate  of  a  peculiar  transparent  glass  is 
placed,  on  a  suitably  supported  stand  at  O,  directly 
in  the  path  of  the  light,  so  that  the  light  passes 
through  both  the  glass  plate  and  the  hollow  magnet 
cores.  The  glass  with  which  Faraday  experimented, 
was  a  heavy  glass  made  with  a  chemical  substance 
called  the  boro-silicate  of  lead,  and  had  been  pre- 
viously prepared  by  him  during  an  entirely  different 
investigation.  The  glass  permits  either  ordinary  or 
polarized  light  to  pass  through  it  without  any 
change.  When,  however,  an  electric  current  is 
passed  through  the  coils  of  wire  wound  on  M  and 
N,  by  connecting  the  terminals  A  and  B,  with  a  vol- 
taic battery,  or  other  source  of  electric  current,  as 
soon  as  the  powerful  magnetic  flux  passes  between 
the  poles  of  N  and  M,  and  through  the  heavy  glass, 
it  thereby  acquires  the  property  of  turning  or  rotat- 
ing the  plane  in  which  the  light  is  polarized.  The 
fact  that  this  rotation  occurs  is  rendered  evident  to 
the  experimenter  by  certain  optical  devices  employed 
at  a  and  b,  which  it  is  not  necessary  to  explain. 


The  light. 
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In  the  preceding  apparatus,  strictly  speaking,  the 
action  of  the  magnetic  flux  is  not  exerted  directly  on  £}f.haSdti 
the  ray  of  light  itself,  but  on  the  glass  through  which  JSEL*. 
the  magnetic  flux  is  passing.     There  are  other  sub- tlon' 
stances  besides  this  particular  heavy  glass  which 
possess,  under  ordinary  conditions,  the  power  of 
causing  the  plane  in  which  the  light  vibrates  to  be 
slowly  rotated,  without  being  subjected  to  the  influ- 
ence of  powerful  magnetic  flux.     Such  substances 
can  be  divided  into  two  classes;  viz.,  those  which 
rotate  the  plane  of  polarization  to  the  right,  and  those 
which  rotate  it  to  the  left ;  or,  as  it  is  generally  called, 
those  possessing  right-handed  rotary  polarization, 
and  those  possessing  left-handed  rotary  polarization. 
Now  the  curious  fact  exists  that  all  substances  which 
acquire  the  power  of  rotating  the  plane  of  polariza- 
tion only  while  under  the  influence  of  magnetic  flux, 
as  in  the  case  of  the  heavy  glass  just  referred  to,  can 
be  caused  to  turn  this  plane  either  to  the  right  or  to 
the  left,  according  to  the  direction  in  which  the  mag- 
netic flux  is  passing  through  them.     If,  therefore, 
while  the  flux  is  passing  from  the  right  to  the  left,  Direction 
the  plane  of  polarization  be  rotated  in  one  direction,  of  j>une°of 
when  the  flux  is  caused  to  pass  in  the  opposite  direc-  pendent  on 
tion,  from  the  right  to  the  left,  the  plane  of  polarifca-  magnetic0 
tion  will  be  rotated  in  the  opposite  direction.    There 
are  many  substances  besides  the  heavy  glass  on 
which    Faraday   conducted    his    early   experiment, 
which  possess  this  power  of  rotating  the  plane  of 
polarization  only  while  under  the  influence  of  the 
magnetic  flux.     Such  substances  may  exist  in  the 
solid,  the  liquid,  and  the  gaseous  condition  or  state. 

The  cause  of  the  power  thus  acquired  by  transpar- 
ent bodies  of  rotating  the  plane  of  polarization  of  a 
ray  of  light  while  it  is  passing  through  them,  is  gen- 
erally ascribed  to  the  strain  produced  in  a  trans- 
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parent  material  by  the  stress  (i.e.,  the  pressure  or 
pull  producing  the  change  of  Shape,  deformation,  or 
strain)  caused  by  the  magnetic  flux.    In  1877,  Kerr 
routioS  Sc  discovered  that  the  plane  of  polarization  of  a  beam 
[£htb£to  °*  ^S^lt  *s  turned  or  rotated  by  the  mere  reflection 
fromamV0*  t^e  ^S^  *rom  ^e  polished  pole  of  an  electro- 
net  poie.     magnet?   as  shown  in  Fig.    114.    Here  M  is  the 
electro-magnet.     The  beam  of  light  passes  through 
A,  a  device  for  polarizing  the  light.    C  is  a  mass  of 
soft  iron  employed  for  concentrating  the  magnetic 
flux  in  the  space  between  the  poles.     B  is  another 


0 


Fig.  1x4.— Rotation  of  Plane  of  Polarization  by  Reflection  from  Magnet  Pole. 

device  for  detecting  the  changes  that  have  occurred 
'  in  the  light  after  its  reflection  from  the  magnet  pole. 
Here  the  plane  of  polarization  of  the  light  is  twisted 
or  turned  by  the  powerful  magnetism  which  exists 
in  the  space  between  the  magnet  poles  and  the  op- 
posing mass  of  soft  iron. 

Kerr  has  shown  that  a  somewhat  similar  effect 
2i«tro?f  can  "*  Pr°duced  in  transparent  substances  by  sub- 
o?ticiar!d8  Ject^nS  them  to  the  influence  of  electro-static  fields ; 
izediight.    for  example,  by  causing  a  beam  of  polarized  light 

to  be  transmitted  across  the  lines  of  an  electro-static 

field. 

Clerk  Maxwell,  a  distinguished  mathematician, 
eta™?1'*  demonstrated  mathematically,  in  1864,  that  it  should 
Swyof  l*  possible  to  set  up  waves  in  the  universal  ether  by 
Hght.        means  of  electrical  discharges,  and  proposed  a  theory 
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of  light  called  the  electro-magnetic  theory  of  light. 
In  this  theory  he  showed  that  the  phenomena  of 
light,  heat,  electricity,  and  magnetism  could  be  ex- 
plained by  assuming  the  existence  of  vibrations  or 
oscillations  taking  place  in  the  universal  ether. 

In  1882,  Heinrich  Hertz,  by  a  brilliant  series  of  Electro_ 
experimental  investigations,  actually  produced  such  "Jf^^ 
waves  by  means  of  spark  discharges  from  a  Ruhm-nSSin 
korff  coil  passing  through  the  air  between  polished ,88a- 
metallic  globes.     In  this  way  Hertz  gave  a  physical 
demonstration  of  the  existence  of  the  waves  which 
Maxwell  had  predicted  some  eighteen  years  previ- 
ously. 

Maxwell  died  before  completing  the  details  of  his 
theory.  He  adduced  sufficient  evidence,  however, 
before  his  death  to  show  its  probability,  and  Hertz's 
demonstration  of  the  actual  fact  of  electro-magnetic 
waves  being  produced,  affords  experimental  proof 
of  its  correctness. 

» 

The  waves  or  vibrations  set  up  by  disruptive  spark 
discharges  of  the  Ruhmkorff  coil  as  employed  by 
Hertz,  are  also  produced  by  disruptive  discharges  of 
a  Leyden-jar  battery,  or  by  the  discharge  of  a  con- 
denser generally.    Such  discharges,  as  we  have  seen,  ElccJJ£"ic 
consist  of  very  rapid  oscillatory  movements  to  andjjggj, 
fro,    which    very    rapidly    decrease    in    intensity,  ™cl£sh 
and    die   out.     These    oscillations    set    up    in   the 
ether  waves  or  vibrations  called  electro-magnetic 
waves.    As  we  shall  shortly  see  in  the  study  of  the 
telegraph,  it  is  waves  of  this  character  that  are  em- 
ployed in  the  various  systems  of  wireless  telegraphy 
in  carrying  telegraphic  communications  across  space 
without  the  use  of  any  conducting  wires. 
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Some 

reasons  for 
accepting 
Maxwelrs 
electro- 
magnetic 
theory  of 
light. 


The  theoretical  considerations  urged  by  Maxwell 
and  others,  together  with  some  facts  that  were  ob- 
tained since  Maxwell's  death,  are,  to  a  great  extent, 
beyond  the  elementary  character  of  this  book.  It 
will  suffice,  however,  to  state  that  there  existed, 
many  years  ago,  a  very  general  belief  among  scien- 
tific men  as  to  the  extreme  probability  that  the  phe- 
nomena of  light,  electricity  and  magnetism  are  due 
to  the  same  cause. 


Correctness 
of  the 
electro 
magnetic 
theory  of 
light  un- 
doubted. 


To-day  we  know  that  light  and  electro-magnetic 
waves  are  one  and  the  same  phenomenon.  We  have 
succeeded  in  calculating  the  velocity  with  which  elec- 
tric radiations  or  waves  move  through  free  space, 
and  we  find  that  this  velocity  is  the  same  as  the  ve- 
locity of  light.  We  are,  therefore,  justified  in  be- 
lieving that  light  and  electric  radiations  are  alike. 
The  experimental  evidence,  however,  does  not  stop 
even  here.  It  is  only  through  the  ether  of  free  space 
that  the  velocity  of  electric  radiations  and  light  is 
the  same.  In  the  fixed  ether  that  exists  between  the 
ultimate  particles  of  matter,  the  movements  both  of 
light  and  of  electro-magnetic  waves  in  different  sub- 
stances, are  dependent  on  certain  peculiarities  of  the 
ether  in  these  substances.  In  the  case  of  light  we 
can  compare  the  speed  with  which  the  light  travels 
through  free  space,  with  the  speed  with  which  it 
travels  through  the  ether  that  fills  different  sub- 
stances, by  reference  to  a  physical  quantity  called 
the  index  of  refraction;  that  is,  a  quantity  which 
determines  the  amount  the  ray  has  been  refracted 
or  bent  out  of  its  course  while  passing  from  one 
medium  to  another,  as  from  air  to  glass,  or  from  air 
to  water.  Now  it  can  be  shown  that  the  ability  of 
any  medium  to  permit  induction  to  take  place 
through  its  mass,  together  with  its  magnetic  perme- 
ability, or  the  ease  with  which  magnetic  flux  can 
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pass  through  it,  should  bear  certain  definite  rela- 
tions to  the  value  of  its  index  of  refraction,  and, 
although  the  evidence  is  not  complete  in  this  direc- 
tion, yet  it  is  sufficient  to  show  that  such  relations 
actually  exist.  Thus  again  is  demonstrated  the  ex- 
treme probability  of  the  truth  of  the  electro-magnetic 
theory  of  light. 

Indeed,  electricity  is  now  so  generally  acknowl- 
edged as  a  phenomenon  of  light,  and  light  a  phe-oHw8™ 
nomenon  of  electricity,   that  we  have  a  separate  the  Sectro- 
branch  of  electrical  science  called  electro-optics.   Or  Seory  of 
optics  may  be  regarded  as  a  branch  of  electricity.  lg  ** 
But  this  is  only  another  way  of  stating  the  same  fact.  opSc£°~ 

As  Maxwell  himself  has  pointed  out,  if  the  elec- 
tro-magnetic theory  of  light  be  correct,  it  should  not 
be  possible  to  transmit  electro-magnetic  waves 
through  substances  that  are  good  conductors  of  elec- 
tricity. Therefore,  all  conducting  substances  should 
be  opaque  to  light.  Now,  in  point  of  fact,  most 
transparent  substances  are  good  electrical  insula- 
tors, and  most  electrical  conductors  are  opaque  to 
light.  Maxwell's  discovery  is  very  highly  esteemed 
by  scientific  men.  The  following  eloquent  tribute 
by  Prof.  Oliver  Lodge,  is  taken  from  his  book  en- 
titled, "Modern  Views  of  Electricity" : 

"On  November  5  last  year  ( 1888)  there  died  at 
Cambridge  a  man  in  the  full  vigor  of  his  faculties — 
such  faculties  as  do  not  appear  many  times  in  a  cen- 
tury— whose  chief  work  has  been  the  establishment 
of  this  very  fact,  the  discovery  of  the  link  connecting 
light  and  electricity;  and  the  proof — for  I  believe 
it  amounts  to  a  proof — that  they  are  different  mani- 
festations of  one  and  the  same  class  of  phenomena : 
that  light  is,  in  fact,  an  electro-magnetic  disturbance. 
The  premature  death  of  James  Clerk  Maxwell  is  a 
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loss  to  science  which  appears  at  present  utterly  ir- 
*  reparable,  for  he  was  engaged  in  researches  that  no 
other  man  can  hope  as  yet  adequately  to  grasp  and 
follow  out;  but  fortunately  it  did  not  occur  till  he 
had  published  his  book  on  'Electricity  and  Magnet- 
ism/ one  of  those  immortal  productions  which  ex- 
alt one's  idea  of  the  mind  of  man,  and  which  has 
been  mentioned  by  competent  critics  in  the  same 
breath  as  the  'Principia'  itself. 

"But  it  is  not  perfect  like  the  'Principia' ;  much  of 
it  is  rough-hewn,  and  requires  to  be  thoroughly 
worked  out.  It  contains  numerous  misprints  and 
errata,  and  part  of  the  second  volume  is  so  difficult  as 
to  be  almost  unintelligible.  Some,  in  fact,  consists 
of  notes  written  for  private  use,  and  not  prepared  for 
publication.  It  seems  next  to  impossible  now  to  ma- 
ture a  work  silently  for  twenty  or  thirty  years,  as 
was  done  by  Newton  two  and  a  half  centuries  ago* 
But  a  second  edition  was  preparing,  and  much  might 
have  been  improved  in  form  if  life  had  been  spared 
to  the  illustrious  author. 

"The  main  proof  of  the  electro-magnetic  theory 
of  light  is  this :  The  rate  at  which  light  travels  has 
been  measured  many  times,  and  is  pretty  well  known. 
The  rate  at  which  an  electro-magnetic  wave  dis- 
turbance would  travel,  if  such  could  be  generated, 
can  be  also  determined  by  calculation  from  electri- 
cal measurements.  The  two  velocities  agree  ex- 
actly. This  is  the  great  physical  constant  known  as 
the  ratio  'vf  which  so  many  physicists  have  been 
measuring,  and  are  likely  to  be  measuring  for  some 
time  to  come." 


Morichini  ft  W*N  **  interesting  here  briefly  to  allude  to  the 
dScuSifSf"  production  of  magnetism  directly  from  light,  as 
b/^Stet01  claimed  by  Morichini,  who,  in  1813,  made  the  asser- 
li«ht-        tion  that  on  merely  exposing  a  sfced  needle  to  violet 
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light  obtained  from  the  sun's  rays,  the  needle  was 
thereby  magnetized.  This  experiment  was  subse- 
quently repeated  by  Mrs.  Mary  Summerville,  the 
author  of  a  work  on  Natural  Philosophy.  Mrs. 
Summerville  claims  that  after  an  exposure  of  a  steel 
needle  to  violet  light  for  a  period  of  about  two 
hours,  the  needle  was  permanently  magnetized. 

Playfair  describes  the  following  experiments 
conducted  according  to  the  instructions  of  Mori- 
chini : 

"The  violet  light  was  obtained  in  the  usual  man- 
ner, by  means  of  a  common  prism,  and  was  collected  MonchL^ 
into  a  focus  by  a  lens  of  sufficient  size.  The  needle expcnmcnt* 
was  made  of  soft  wire,  and  was  found,  upon  trial, 
to  possess  neither  polarity,  nor  any  power  of  attract- 
ing iron  filings.  It  was  fixed  horizontally  upon  a 
support,  by  means  of  wax,  and  in  such  a  direction, 
as  to  cut  the  magnetic  meridian  at  right  angles.  The 
focus  of  violet  rays  was  carried  slowly  along  the 
needle,  proceeding  from  the  centre  toward  one  of  the 
extremities,  care  being  taken  never  to  go  back  in  the 
same  direction,  and  never  to  touch  the  other  half  of 
the  needle.  At  the  end  of  half  an  hour  after  the 
needle  had  been  exposed  to  the  action  of  the  violet 
rays,  it  was  carefully  examined,  and  it  had  acquired 
neither  polarity  nor  any  force  of  attraction,  but  af- 
ter continuing  the  operation  twenty-five  minutes 
longer,  when  it  was  taken  off  and  placed  on  its  pivot, 
it  traversed  with  great  alacrity,  and  settled  in  the 
direction  of  the  magnetical  meridian,  with  the  end 
over  which  the  rays  had  passed  turned  to  the  north. 
It  also  attracted  and  suspended  a  fringe  of  iron 
filings.  The  extremity  of  the  needle  that  was  ex- 
posed to  the  action  of  the  violet  rays,  repelled  the 
north  pole  of  a  compass  needle.  This  effect  was  so 
distinctly  marked,  as  to  leave  no  doubt  in  the  minds 
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of  any  who  were  present,  that  the  needle  had  received 
its  magnetism  from  the  action  of  the  violet  rays." 

Faraday  in  connection  with  Sir  Humphry  Davy, 
while  at  Rome,  during  1814,  repeated  these  experi- 
ments of  Morichini  in  the  latter's  laboratory,  but  did 
not  obtain  satisfactory  results.  He  thus  refers  to 
these  experiments  in  Volume  III.,  Page  19,  of  his 
"Experimental  Researches  in  Electricity" : 

"I  say,  for  the  first  time,  because  I  do  not  think 
that  the  experiments  of  Morichini  on  the  production 
of  magnetism  by  the  rays  at  the  violet  end  of  the 
spectrum  prove  any  such  relation.  When  in  Rome 
with  Sir  H.  Davy,  in  the  month  of  May,  1814,  I 
spent  several  hours  at  the  house  of  Morichini,  work- 
SccuSn'of  ing  with  his  apparatus  and  under  his  directions,  but 
rcroite.mis  could  not  succeed  in  magnetizing  a  needle.  I  have 
no  confidence  in  the  effect  as  a  direct  result  of  the 
action  of  the  sun's  rays ;  but  think,  that  when  it  has 
occurred  it  has  been  secondary,  incidental,  and  per- 
haps even  accidental ;  a  result  that  might  well  hap- 
pen with  a  needle  that  was  preserved  during  the 
whole  experiment  in  a  north  and  south  position." 

At  a  later  date,  Christie  read  papers  on  the  "In- 
fluence of  Solar  Rays  on  Magnets"  before  the  Royal 
asserts1  that  Society,  in  London,  one  in  1826,  and  the  other  in 
wuicpi£ys   1828,  in  which  he  claims  that  he  obtained  results 
nctismin"  similar   to  those  pf   Morichini   and    Summerville. 
These  experiments  were  repeated  by  Ries  and  Moser, 
who  concluded  that  "they  think  themselves  justly 
entitled   to  reject  totally   a  discovery  which,    for 
seventeen  years,  has,  at  different  times,  disturbed 
science." 

Although  the  conclusions  of  Ries  and  Moser,  as 
given  above,  were  generally  coincided  in  by  scientific 
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men,  yet  recently,  facts  have  beert  discovered  re- 
garding certain  peculiar  effects  produced  by  theSg^of 
ultra-violet;  i.e.,  the  rays  beyond  the  violet,  or  those ^SuaV^s. 
produced  by  a  greater  number  of  vibrations  per  sec- 
ond than  the  violet,  which  have  led  at  least  some 
scientific  men  to  conclude  that,  possibly,  the  violet 
rays  of  light  may  be  able,  under  favorable  conditions, 
to  excite  a  permanent  magnetism  in  steel  bars. 

During  his  investigations  on  electrical  radiations, 
Hertz  noticed  the  peculiar  effects  that  ultra-violet 
rays  of  light  exert  on  the  length  of  electric  dis- 
charges.    On  one  occasion,  he  was  experimenting  S^gol*" 
with  two  different  sets  of  sparks,  that  were  produced  Seduced 
simultaneously.     One  of  these  was  the  discharged  tiLrioi*" 
spark  of  the  induction  coil,  that  was  employed  to  pro-  S2?eSmg 
duce  the  primary  oscillation,  and  the  other  spark  was  {!£  Stance 
that  of  the  induced  secondary  oscillation.    Since  the SyeeicSric 
latter  was  very  faint,  and  but  feebly  luminous,  hedwchar*e8' 
placed  the  spark  gap  inside  a  dark  chamber.     As 
soon  as  this  was  done,  he  observed  that  the  length 
of  the  spark  was  shortened,  and  that,  at  times,  the 
spark  even  disappeared  entirely.     Investigating  the 
cause  of  this  phenomenon,  he  discovered  that  the 
ultra-violet  rays  emitted  by  the  first  spark  markedly 
influenced  the  length  of  the  induced  spark,  and  this 
under  conditions  that  could  not  possibly  be  referred 
to  any  screening  effect  of  an  electro-static  or  an 
electro-magnetic  nature. 

In  other  words,  it  was  an  effect  produced,  not  by 
the  visible  portions  of  the  spectrum,  but  by  the  in- 
visible portions  existing  beyond  the  violet.  In  proof 
of  this  observation,  Hertz  found  that  the  same  effects 
were  produced  by  a  number  of  common  sources  of 
light,  such  as  the  flame  of  burning  gas,  wood,  etc., 
as  well  as  by  non-luminous  flames  of  alcohol  and  of 


332  ELECTRICITY   IN   EVERYDAY   LIFE 

the  ordinary  Bunsen  burner.  The  light  from  burning 
magnesium  wire  was  found  to  be  peculiarly  effective; 
that  of  the  ordinary  limelight  somewhat  less  effec- 
tive; but,  of  all  the  sources  of  light,  none  produced 
effects  equal  to  those  caused  by  the  spark  discharge 
itself.  In  speaking  of  these  results,  Hertz  says  in 
his  book  on  "Electric  Waves" : 

"According  to  the  results  of  our  experiments, 
ultra-violet  light  has  the  property  of  increasing  the 
theelecCB  sparking  distance  of  the  discharge  of  an  induction- 
wotefJiys.  coil,  and  of  other  discharges.  The  conditions  under 
which  it  exerts  its  effect  upon  such  discharges  are 
certainly  very  complicated,  and  it  is  desirable  that 
the  action  should  be  studied  under  simpler  condi- 
tions, and  especially  without  using  an  induction-coil. 
In  endeavoring  to  make  progress  in  this  direction 
I  have  met  with  difficulties.  Hence  I  confine  myself 
at  present  to  communicating  the  results  obtained, 
without  attempting  any  theory  respecting  the  man- 
ner in  which  the  observed  phenomena  are  brought 
about. 

"By  this  I  did  not  mean  to  say  that  I  had  not  suc- 
ceeded in  observing  the  action  of  light  upon  dis- 
charges other  than  those  of  induction-coils ;  but  only 
that  I  had  not  succeeded  in  replacing  spark-dis- 
charges— the  nature  of  which  is  so  little  understood 
— by  simpler  means.  This  was  first  done  by  Herr 
Hallwachs.  The  simplest  effect  that  I  obtained  was 
with  the  glow-discharge  from  1,000  small  Plante 
accumulators  between  brass  knobs  in  free  air ;  by  the 
action  of  light  I  was  able  to  make  the  glow-discharge 
pass  when  the  knobs  were  so  far  apart  that  it  could 
not  spring  across  without  the  aid  of  the  light/ ' 

In  addition  to  the  above,  Hallwachs  has  shown 
that  the  mere  exposure  of  a  clean  metallic  plate  to 
the  action  of  light  produces  an  electrification  as  soon 
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as  the  light  strikes  the  plate.     We  are,  moreover, 
acquainted  with  the  facts  concerning  chemical  ef- 
fects of  light,  as  seen  in  its  action  on  the  photo- 
graphic plate,  these  effects  being  especially  notice-  SrJKS!!*7 
able  in  those  parts  of  the  spectrum  corresponding  SfiSiSJr78 
closely  to  the  ultra-violet  rays.     It  would  seem  thatp£g£Cmena 
the  rate  of  the  ether  vibrations,  producing  the  ultra- 
violet rays,  corresponds  with  the  rate  at  which  vi- 
brations naturally  occur  in  the  molecules  of  sensi- 
tive silver  salts.     Unquestionably  much  is  yet  to  be 
learned  concerning  the  action  of  the  ultra-violet  rays 
of  light  on  electric  and  magnetic  phenomena. 


D 


III 

THE    VOLTAIC    CELL    AND    OTHER 

ELECTRIC   CELLS 

CHAPTER  XXII 

THE  EARLY  HISTORY  OF  THE  VOLTAIC  CELL 

"Beware 
Of  entrance  to  a  quarrel;  but  being  in, 
Bear't  that  the  opposed  may  beware  of  thee. 
Give  every  man  thy  ear,  but  few  thy  voice; 
Take  each  man's  censure,  but  reserve  thy  judgment." 

— Hamlet,  Act  I,  Scene  III. 

URING  the  two  decades  that  preceded  the 
beginning  of  the  Nineteenth  Century,  a 
series  of  extremely  important  investigations 
was  carried  on  by  two  scientific  men  in  Italy.  These 
investigations  resulted  in  an  invention  which  must 
be  ranked  among  the  most  important  that  has  ever 
been  given  to  electric  science.  This  was  a  new  electric 
SfdvSiu.  source;  a  source  that  produced  electricity  far  more 
readily  and  in  much  greater  quantities  than  had  been 
possible  by  any  previously  existing  device.  These 
investigations  were  those  of  Galvani  and  Volta,  and 
the  invention  was  that  of  the  voltaic  pile  or  battery. 

One  might  readily  believe  that  so  important  an  in- 
vention, occurring  as  it  did  not  far  from  one  hun- 
ufnty'of     dred  years  ago,  would  have  had  so  many  historians 
5fGaivM?sto  record  its  important  facts,  that  no  doubts  what- 
dSfivery.   ever  could  possibly  exist  as  to  the  minutiae  of  even 
its  least  important  details.    Unfortunately,  however, 

such  Is  far  from  the  fact,  as  we  shall  show  when  con- 
(884) 
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sidering  these  discoveries  in  such  detail  as  we  feel 
sure  their  importance  will  warrant. 

In  1786,  Luigi  Galvani,  Professor  of  Anatomy  in 
the  University  of  Bologna,  while  making  a  careful 
investigation  of  the  effect  of  atmospheric  electricity 
on  animal  organisms,  had  been  employing  the  hind 
legs  of  some  recently  killed  frogs,  as  delicate  elec- 
troscopes. He  had  long  known,  at  least  it  is  so  as- 
serted, how  exceedingly  delicate  a  device  such  legs 
afforded  for  the  detection  of  small  electric  charges. 
He  was  surprised,  however,  during  these  investiga- 
tions, to  note  that  when,  as  he  believed,  no  electrical 
currents  were  passing  through  the  legs  of  the  frogs, 
they  were  convulsed  just  as  he  knew  such  elec- 
trical currents  would  affect  them.  Happening  to 
place  some  frogs'  legs,  tied  together  in  a  bundle  by  JjJfJJf*^ 
a  copper  wire,  against  the  iron  railing  in  a  window  JgJ^jJJ0/ 
of  his  laboratory,  he  observed  that,  whenever  a  les* 
portion  of  the  exposed  vertebrae  or  backbone  of 
the  animal,  which,  together  with  some  portions  of 
the  nerves,  was  still  attached  to  the  legs,  touched  the 
iron,  the  legs  were  powerfully  convulsed. 

At  first  Galvani  thought  that  he  had  discovered 
the  existence  of  a  vital  or  nervous  fluid  in  the  animal, 
which,  passing  from  the  nerve  to  the  muscle  through 
the  conducting  path  offered  by  the  iron,  caused  the 
muscle  to  contract,  just  as  an  electric  discharge £nu*cnto 
would.      Afterward,    he    correctly    recognized    theS^S""1 
movements   as    due   to    electricity;    but,  . curiously Sf his S£ce 
enough,  did  not  trace  the  source  of  the  electricity, covcry* 
as  he  should  have  done,  to  something  outside  the 
frog  itself,  but  believed  it  to  be  due  to  electricity 
produced  in  the  frog  itself. 

If  it  be  true,  as  appears  to  be  the  case,  that  Gal- 
vani was  aware  of  the  fact  that  the  legs  of  the  frog 
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were  affected  by  exceedingly  feeble  electric  currents, 
it  seems  curious  that  he  should  have  lost  sight  of  the 
possibility  that  such  movements  of  the  legs  were  due 
to  currents  obtained  in  some  way  from  sources  out- 
side of  the  animal.    It  is  also  curious,  that  if  he  was 
well  acquainted  with  the  principles  of  electricity,  as 
also  appears  to  be  the  case,  he  should  not  have 
understood  the  possibility  of  the  convulsive  move- 
ments   being    due    to    electrical    charges    passing 
wffSSd  through  the  animals,  derived  by  induction  from  the 
int2££tUy  discharges  of  an  electrical  machine,  which  was  in 
hisexpen-  0ptrBi^on  in  his  laboratory.     This,  however,  was 

probably  another  instance  of  what  so  often  takes 
place  in  our  everyday  life.  We  are  prone  to  find  only 
what  we  hope  to  find,  and,  indeed,  often  deceive  our- 
selves in  believing  that  we  have  at  last  found  that 
which  we  earnestly  hoped  to  discover. 

Galvani  hailed  the  convulsive  movement  of  the 
frogs'  legs  as  a  proof  that  he  had  at  last  unearthed 
that  elusive  fluid,  or  "vital  force,"  for  which  he,  in 
common  with  other  anatomists  and  scientific  men 
generally,  had  been  so  long  searching.  Although,  as 
we  have  seen,  he  afterward  somewhat  modified  this 
interjreu-  theory  of  a  vital  fluid,  and  attributed  the  result  to 
experiment  electricity,  yet  he  still  maintained  that  the  electricity 
was  produced  not  outside  the  animal,  but  within  the 
animal  itself.  He  believed  that  a  decomposition  oc- 
curred of  the  animal  electricity  at  the  junction  be- 
tween the  nerves  and  the  muscles,  the  positive  charge 
going  to  the  nerves  and  the  negative  charge  to  the 
muscles,  and,  moreover,  that  this  combination  pre- 
sented an  analogy  between  the  opposite  coatings  of 
a  Leyden  jar. 

According  to  another  account,  however,  Galvani 
is  given  less  credit  for  his  discovery,  it  being  alleged 
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that  it  was  entirely  due  to  the  accidental  circumstance 
that  Madame  Galvani,  his  wife,  had  been  suffering 
from  a  cold,  and  that  her  physician  had  ordered  for 
her  diet  a  broth  made  of  frogs.    Some  frogs'  legs, 
prepared  for  this  broth,  so  the  story  runs,  were  lying 
on  a  table  m  Galvani's  laboratory,  and  it  chanced 
that  one  of  his  assistants  accidentally  touched  one  of  5Sldim7of 
the  legs  with  his  scalpel  during  the  time  that  elec-  2ft? 
trical  discharges  were  being  produced  by  an  electri-^^»°cg«. 
cal  machine  in  his  laboratory.     Instantly  the  legs 
were  convulsed.     Madame  Galvani,  who  was  pres- 
ent, noticed  that  these  discharges  occurred  simul- 
taneously with  the  discharges  from  the  electrical 
machine.    Galvani,  on  being  notified  of  this  fact  by 
his  wife,  made  extensive  researches  in  this  matter. 
This  is  alleged  to  have  occurred  at  another  date; 
viz.,  in  1790. 

Many  able  physicists  at  the  time  credited  this 
story  of  the  frog  broth.  "It  may  be  proved,"  says 
Arago,  "that  the  immortal  discovery  of  the  voltaic 
pile  arose  in  the  most  immediate  and  direct  manner  theory  of 
from  a  slight  cold,  with  which  a  Bolognese  lady  wasoflfrog*. 
attacked,  in  1790,  for  which  her  physician  prescribed 
the  use  of  frog  broth." 

Dr.  Lardner,  in  one  of  his  scientific  works,  thus 
repeats  this  story: 

"Galvani  was  not  familiar  with  electricity;  luck- 
ily for  the  progress  of  science,  he  was  more  an  anat- 
omist than  an  electrician,  and  beheld  with  senti- 
ments of  unmixed  wonder  the  manifestation  of  what 
he  believed  to  be  a  new  principle  in  the  animal  econ- 
omy ;  and,  fired  with  the  notion  of  bringing  to  light 
the  proximate  cause  of  vitality,  engaged  with  ardent 
enthusiasm  in  a  course  of  experiments  on  the  effects 
of  electricity  on  the  animal  system.    It  is  rarely  that 
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Lardner 
on  the 
story  of 
the  frog 
broth. 


an  example  is  found  of  the  progress  of  science  being 
favored  by  the  ignorance  of  its  professors. 

"Chance  now  again  came  upon  the  stage.  In  the 
course  of  his  researches  he  had  occasion  to  separate 
the  legs,  thighs,  and  lower  parts  of  the  body  of  the 
frog  from  the  remainder,  so  as  to  lay  bare  the  lum- 
bar nerves.  Having  the  members  of  several  frogs 
thus  dissected,  he  passed  copper  hooks  through  part 
of  the  dorsal  column  which  remained  above  the  junc- 
tion of  the  thighs,  for  the  convenience  of  hanging 
them  up  till  they  might  be  required  for  the  purpose 
of  experiment.  In  this  manner  he  happened  to  sus- 
pend several  upon  the  iron  balcony  in  front  of  his 
laboratory,  when,  to  his  inexpressible  astonishment, 
the  limbs  were  thrown  into  strong  convulsions.  No 
electrical  machine  was  now  present  to  exert  any  in- 
fluence." 


It  would  appear,  however,  from  a  careful  study 

of  all  the  evidence,  that,  despite  the  assertion  of  Lard- 

Proofof     ner  to  the  contrary,  Galvani  was  well  acquainted 

knowledge  with  the  facts  of  electricity,  and  had,  as  we  have  al- 

etetridty   ready  stated,  employed  the  legs  of  frogs  as  delicate 

i?gl°**     electroscopes.    Indeed,  there  has  recently  been  found 

among  his  old  manuscripts,  since  published  by  the 

Academy  of  Science  of  Bologna,  one  dated  as  early 

as  1780,  in  which,  referring  to  these  experiments, 

Galvani  states  that  the  frog  was  prepared  as  usual. 

From  this  it  would  certainly  appear  that  this  was  not 

his  first  experiment  with  frogs. 

In  Fig.  115,  are  shown  frogs'  legs  prepared  ac- 
cording to  Galvani's  method.  Here  the  head  and  the 
upper  part  of  the  animal  have  been  cut  away  and  the 
animal  skinned,  so  as  to  expose  the  nerves  and  mus- 
cles of  the  leg.  If  now,  a  copper  and  a  silver  wire  be 
joined  in  contact  at  one  end,  as  shown  in  the  figure, 
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and  one  of  these  wires  be  placed  on  the  exposed 
nerve  near  the  vertebrae,  and  the  other  on  a  part  of 
the  muscle  of  the  leg,  convulsions  at  once  occur. 

The  following  description  of  the  method  generally 
adopted  at  that  time  for  the  preparation  of  frogs  for 
this  purpose  is  thus  given  in  the  American  edition 
of  Cavallo's  "Natural  Philosophy,"  published  in 
America,  in  1824 : 

"Separate  with  a  pair  of  scissors  the  head  and  up- 
per extremities  of  a  frog  from  the  rest  of  the  body,  directions 
Open  the  integuments  and  muscles  of  the  abdomen  jngScpaf" 
and  remove  the  entrails,  by  which  means  you  will  ****** 
lay  bare  the  crural  nerves.    Then  pass  one  blade  of 


F10.  115.— The  Galvanoscopic  Frog  Preparation. 

the  scissors  under  the  nerves,  and  cut  off  the  spine 
with  the  flesh  close  to  the  thighs,  by  which  means 
the  legs  will  remain  attached  to  the  spine  by  the 
nerves  alone.  This  done,  leave  a  small  bit  only  of 
the  spine  attached  to  the  crural  nerves,  and  cut  off 
all  the  rest.  Thus  you  will  have  the  lower  limbs  of 
the  frog  adhering  to  the  bit  of  spine  by  means  of  the 
crural  nerves.  The  legs  must  be  flayed  in  order  to 
lay  bare  the  muscles ;  and  a  bit  of  tin-foil  should  be 
wrapped  round  the  spine.  With  this  preparation 
the  experiment  may  be  performed  in  various  ways, 
but  the  two  which  follow  are  the  best. 

"Hold  the  preparation  by  the  extremity  of  one 
leg,  the  other  leg  hanging  down,  with  the  armed 
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bundle  of  nerves  and  spine  lying  upon  it.  In  this 
situation  interpose  a  piece  of  silver,  as  a  half-crown, 
between  the  lower  thigh  and  the  nerves,  so  that  it 
may  touch  the  former  with  one  surface,  and  the  me- 
tallic coating  of  the  latter  with  the  other  surface,  or 
with  its  edge ;  and  you  will  find  that  the  hanging  leg 
will  vibrate  very  powerfully,  sometimes  so  far  as  to 
strike  against  the  hand  of  the  operator,  which  holds 
the  other  leg." 

Galvani  extended  his  experiments  to  other  ani- 
mals besides  frogs.    All  the  animals  tried  manifested 


Fia  Trf.-Aldini'i 


bl«>d  Hi 


convulsive  twitchings  on  the  application  of  electricity. 

He  found,  however,  that  cold-blooded  animals,  like 

frogs  and  fish,  were  affected  in  this  way  a  much 

["^rtlUe  longer  time  after  death  than  warm-blooded  animals. 

JhSUJSjS.  But  wnat  's  most  interesting  in  these  electrical  ex- 

2SSS      periments  of  Galvani,  was  the  fact  that  he  actually 

demonstrated  the  existence  of  electric  currents  m 

the  bodies  of  animals  themselves ;  for  he  obtained 

convulsive  movements  of  the  frog's  legs  by  mere 

contact  with  different  parts  of  the  animal  itself.  The 
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existence  of  such  electrical  currents  in  animals  other 
than  the  frog  was  demonstrated,  at  a  later  date,  by 
Aldini,  a  nephew  of  Galvani,  as  follows.  Taking 
the  head  of  a  recently  killed  ox,  he  succeeded  in  ob- £££}£«* 
taining  sufficiently  powerful  currents  from  it  to  con-  Jf'r^Sfy 
vulse  the  legs  of  a  recently  killed  frog.  The  frog's kil,edox- 
legs  were  grasped  in  one  hand,  which  was  moistened 
with  salt  water  in  order  to  improve  the  electrical 
contact  between  the  hand  and  the  frog,  in  the  man- 
ner shown  in  Fig.  116.  He  then  placed  the  legs  on 
the  tongue  of  the  ox,  while  at  the  same  time  he 
grasped  an  ear  of  the  animal  in  the  other  hand, 
similarly  moistened  with  salt  water.  The  convul- 
sions of  the  frog's  legs,  that  immediately  occurred, 
showed  that  sufficient  current  was  supplied  from  the 
head  of  the  ox  to  produce  such  movements. 

The  sensibility  of  the  ordinary  snail  to  electrical 

.  Experiment 

currents  can  be  shown  by  the  following  simple  ex-withacom- 

,,  .  ,         mon  snail. 

penment.  Place  a  small  copper  coin  on  a  zinc  plate 
much  larger  than  the  coin  itself.  Put  a  common 
garden  snail  on  the  zinc  plate,  so  that  it  will  crawl 
toward  the  copper  coin.  Note  that,  whenever  the 
snail  attempts  to  cross  from  the  zinc  to  the  copper, 
it  will  shrink  back  as  if  shocked,  and  that,  prob- 
ably, after  a  few  trials,  it  will  henceforth  avoid  the 
copper.  Here  electrical  currents  are  produced  by 
the  action  of  the  fluids  in  the  body  of  the  snail  on  the 
zinc. 

In  all  experiments  on  convulsive  movements  pro- 
duced in  animals  after  death,  the  amount  of  the  con- 
vulsions is  greater  immediately  after  the  animal 
has  ceased  to  live.  In  most  animals,  however,  sensi- 
bility continues  for  some  time  after  death. 

Long  before  Galvani's  experiment  on  the  frog's 
legs,  Swammerdam,  in  1678,  exhibited  an  almost 
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identical  experiment  to  the  Grand  Duke  of  Tuscany, 
antedated    Swammerdam  took  a  portion  of  a  recently  killed 
m^amfo  fr°g>  to  which  the  nerve  and  muscle  were  still  at- 
x678,         tached,  and  noted  the  production  of  marked  convul- 
sions in  the  muscles  whenever  a  silver  wire  was 
brought  in  contact  with  a  copper  wire  connected  to 
the  muscle.    This  experiment  was  made  long  before 
the  time  of  Galvani,  but  we  believe  that  Galvani  him- 
self was  honestly  ignorant  of  its  existence. 

More  than  three-fourths  of  a  century  after  this  ex- 
pecSiia?11  periment  of  Swammerdam,  Sulzer,  in  1767,  called 
J^S?1  m  attention  to  the  fact  that  a  piece  of  silver  and  a  piece 
of  lead,  connected  together  and  then  placed  on  the 
tongue,  caused  a  peculiar  taste  to  be  perceived,  not 
unlike  that  produced  by  copperas  or  green  vitriol. 
This  taste  closely  resembles  that  caused  by  the  cur- 
rent from  any  electrical  source,  such  as  a  voltaic 
battery,  when  passed  through  the  tongue;  but  this 
last  fact  is  not  mentioned  by  Sulzer. 

Park   Benjamin,   in   his  excellent  book  on  the 
jaminon"    "Voltaic  Cell,"  refers  to  this  observation  of  Sul- 
suggStion  zer,  as  the  first  suggestion  of  the  voltaic  cell.     We 
Sue  pile? "  regret  that  we  can  not  agree  with  him  in  this  con- 
clusion, since  there  is  nothing  whatever  in  the  origi- 
nal Sulzer  article  which  shows  that  Sulzer  was  aware 
of  the  fact  that  the  phenomena  he  was  describing 
were  electric.     All  he  said  was  as  follows : 

"It  must,  therefore,  be  concluded  that  the  junction 
of  the  two  metals,  acting  either  on  one  or  on  both, 
produces  a  vibration  of  their  particles,  and  that  these 
vibrations  necessarily  affect  the  nerves  of  the  tongue 
and  produce  the  sensation  of  taste." 

That  a  voltaic  couple  was  produced  by  Sulzer  in 
this  experiment  there  can  be  no  doubt;  but  there  is 
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no  evidence  to  show  that  he  recognized  the  fact  that 

he  had  produced  electricity.    It  would  be  fairer  andgj^gj^ 

truer  to  accord  to  Swammerdam  the  honor  of  hav-  J2^!!fr- 

uftiD  nor 

ing  made  the  first  suggestion  of  the  voltaic  cell,  §S^0en' 
since  he,  so  far  before  the  time  of  Sulzer;  viz.,  1678,  ^{j^^ 
exhibited  experimental  results  almost  identical  with8crvalion- 
those  of  Galvani.    We  believe,  however,  that  it  is  to 
Galvani,  and  neither  to  Swammerdam  nor  Sulzer, 
that  the  credit  for  this  discovery  should  be  given, 
since  Galvani  was  the  first  to  so  bring  the  observa- 
tion before  the  scientific  world  as  to  attract  attention 
to  its  importance,  and  this  led  Volta,  at  a  later  date, 
to  make  the  real  discovery  of  the  voltaic  cell. 

Quite  naturally  the  announcement  by  Galvani  of 
his  discovery  of  the  existence  of  a  vital  fluid  or  spe- 
cies of  animal  electricity  created  an  intense  enthusi- 
asm in  the  scientific  world,  especially  among  hisThecon. 
countrymen.    Hosts  of  experimenters  in  all  parts  of  22^^ 
the  civilized  world  repeated  and  modified  Galvani's^^g; 
experiments,  and  made  extended  researches  in  this  ^iSlufic 
new  field.     Prominent  among  these  was  Alexander world- 
Volta,  Professor  of  Natural  Philosophy  in  the  Uni- 
versity of  Pavia,  Italy.    At  the  first  Volta  adopted 
Galvani's  views  that  the  phenomena  of  the  frogs' 
legs  were  due  to  the  action  of  a  vital  fluid.    Careful 
experimentation,  however,  soon  convinced  Volta  that 
what  Galvani  had  discovered  was  neither  a  vital  fluid  ™£» 
nor  animal  electricity,  but  an  entirely  new  source  of 
electricity;  that  the  convulsions  of  the  frogs'  legsn,ent8- 
were  due  to  electricity  produced  by  the  mere  contact 
of  dissimilar  metals. 

Volta  endeavored  to  prove  the  correctness  of  his 
contact  theory  by  many  experiments.     Since  the  SS^ 
electro-motive  forces  produced  by  contact  were  ex-SSJJ* 
ceedingly  small,  he  devised  a  special  form  of  elec- 
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troscope  for  the  purpose  of  measuring  them.  This 
vr'a"""  instrument,  called  by  Volta  his  condensing  electro- 
S££"  scope,  is  shown  in  Fig.  117.  It  consists  of  an  ordi- 
nary gold-leaf  electroscope,  on  the  top  of  which  is 
placed  a  metallic  plate  in  electric  contact  with  the 
gold  leaves.  This  plate  is  covered  with  a  waxed 
silk  cloth,  somewhat  larger  than  the  plate  itself,  and 
on  this  is  placed  a  second  metallic  plate  of  the  same 
size  as  the  first,  and  provided  with  an  insulating 
handle  of  glass. 


The  condensing  electroscope  is  used  as  follows: 
The  top  of  the  upper  plate  is  touched  by  the  body 
whose  visible  charge  is  to  be  measured,  while  a  fin-. 
Method  of  ger  of  the  hand  touches  the  lower  plate,  as  shown  on 
ISSteSij  the  left-hand  side  of  the  figure.     Under  these  cir- 
t^°       cumstances,  a  gradual  accumulation  of  the  electric 
charge  occurs  in  the  manner  we  have  already  ex- 
plained in  connection  with  the  action  of  the  Leyden 
jar.     No  divergence  of  the  gold  leaves  takes  place 
until  the  upper  plate  is  lifted,  when,  as  shown  at  the 
right-hand  side  of  the  figure,  the  leaves  are  at  once 
repelled.     Two  little  balls  of  polished  brass,  placed 
at  the  sides  of  the  instrument  near  the  lower  ends  of 
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the  gold  leaves,  increase  the  divergence  of  the  gold 
leaves  by  means  of  inductive  action. 

Volta  ascribed  the  production  of  electricity  in  the 
case  of  the  frogs'  legs  entirely  to  the  contact  of  dis- 
similar metals,  losing  sight  of  the  fact  that  chemical 
action  invariably  takes  place,  due  either  to  the  moist-  juiced 
ure  of  the  hands  or  to  the  oxygen  of  the  air.  He  ycontact' 
noted,  in  the  case  where  the  two  metals  were  copper 
and  zinc,  that  the  zinc  received  a  positive  or  plus 
charge,  and  the  copper  a  negative  or  minus  charge, 
and  that  the  E.M.F.'s,  causing  such  charges,  were 
produced  by  contact. 

At  the  outset  of  these  experiments,  Volta  ascer- 
tained for  himself  the  extreme  sensibility  of  the 
frogs'  legs  to  electric  discharges,  and  noted  the  factcmiioon 
that  electric  discharges,  capable  of  causing  convul-  dvenewof 
sions,  were  too  feeble  to  affect  his  sensitive  con-  electro-*** 
densing  electroscope.     Cavallo,  who  also  made  ex-8001*8, 
periments  on  this  subject,  states  that  a  frog  galvano- 
scope,  as  the  preparation  of  frogs'  legs  is  sometimes 
called,  will  respond  to,  approximately,  the  one-hun- 
dredth part  of  the  electricity  required  to  affect  a  deli- 
cate electrometer,  by  which,  of  course,  we  must  un- 
derstand the  delicate  electrometer  as  it  existed  at 
that  time. 

Volta's  experimental  researches  soon  led  him  to 
the  important  discovery  that  the  best  results  were  ob- 
tained when  couples  or  pairs  of  different  metals  were 
placed  in  contact  with  each  other.    The  results  ob-  conditions 

.        ,  .  under 

tamed  were  especially  marked  when  one  of  these whicn 

.  a  oontACt  pro* 

metals  was  oxidizable,  and  when  they  were  employed  *£*•  *« 
in  combination  with  certain  acid  or  saline  solutions. 
Such  combinations,  he  found,  were  capable  of  dis- 
engaging electricity,  and  charging  condensers. 

Vol.  1.-16 
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Volta  arranged  the  two  unlike  metals  or  other 
voiu's  con-  substances,  the  contact  of  which  he  claimed  pro 
tact  series  <iuce(i  the  electricity,  in  a  series  called  the  contact 
series.  In  this  series  the  order  of  the  metals  is 
such  that  each  metal  becomes  positively  electrified 
or  charged  when  placed  in  contact  with  any  metal 
below  it  in  the  series. 

contact         Contact  series  of  metal  in  air   (S.  P.  Thomp- 

'  '  +Sodium. 

Magnesium. 
Zinc. 
Lead. 
Tin. 
Iron. 
Copper. 
Silver. 
Gold 

Platinum. 
— Graphite  (Carbon). 

e.m.f/8        The  actual  values  of  the  E.M.F.'s  produced  by 
D^conuct  such  contact,  as  determined  by  measurements  by 
,crte8.       Professors  Ayrton  and  Perry,  are  given  in  the  fol- 
lowing table : 


DiiramcB  or  mmuL 
w  roura 


Zinc )  1 

Lead. ...  ) (  ' 

Lead )  J     >- 

Tin \ V069 

Tin. . . 


I {■■■ 


Iron . . . 
Copper 


'[ {.146 

Copper..  [ j.238 

Platinum  )  < 

Platinum 
Cork 


inuml I.113 


The. discovery  by  Volta  of  the  contact  series  soon 
led  him  to  a  second  and  greater  discovery ;  viz.,  that 
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of  the  voltaic  cell  or  battery.    This  discovery  or  in- 
vention was  made  by  Volta  in  1796.    Volta  disclosed ^Sdi^ 
his  discovery  in  a  letter  to  Sir  Joseph  Banks,  whog£v7itaJc 
read  it  to  the  Royal  Society  on  June  26,   1800. pilc* 
This  letter  is  as  follows : 

"After  a  long  silence,  for  which  I  do  not  attempt 
to  excuse  myself,  I  have  the  pleasure,  Sir,  to  com- 
municate to  you,  and  through  you  to  the  Royal  So- 
ciety, some  striking  results  which  I  have  just  ob- 
tained, in  carrying  on  my  experiments  on  the  elec- 
tricity excited  by  the  simple,  mutual  contact  of  differ- 
ent kinds  of  metals,  and  even  by  that  of  other  con- 
ductors, sufficiently  different  from  one  another, 
either  liquids  or  substances  containing  some  moist- 
ure, to  which  strictly  speaking  they  owe  their  con- 
ducting powers.  The  principal  of  these  results,  voiu's 
which  includes  nearly  all  the  others,  is  the  construe- sir  Joseph 
tion  of  an  apparatus  which  resembles  so  far  as  itsnoundng 

-  his  discov- 

effects  are  concerned,  that  is  by  the  commotion  which  erv  of  the 
it  is  capable  of  making  one  feel  in  the  arms,  etc.,  the 
Leyden  batteries,  and  still  more  the  fully-charged 
electric  batteries.  It  acts,  however,  without  ceasing, 
and  its  charge  re-est&blishes  itself  after  each  ex- 
plosion. It  operates,  in  a  word,  by  an  indestructible 
charge,  by  a  perpetual  action  or  impulse  on  the  elec- 
tric fluid. 

"I  will  here  give  you  a  detailed  description  of  this 
apparatus. 

"I  obtain  several  dozen  small  round  plates  or 
disks  of  copper,  brass,  or  better  of  silver,  an  inch 
in  diameter,  more  or  less;  for  example  coins,  and 
an  equal  number  of  plates  of  tin,  or,  what  is  still  bet- 
ber,of  zinc,of  the  same  shape  and  size  approximately ; 
I  say  approximately,  because  precision  is  not  requi- 
site ;  in  general,  the  size  as  well  as  the  figure  of  the 
metal  pieces  is  arbitrary ;  we  should  have  care  only 
that  we  can  conveniently  arrange  them  one  over  the 
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other  in  the  form  of  a  column.  I  prepare  besides  a 
sufficiently  great  number  of  disks  of  cardboard,  or 
cloth,  or  of  some  other  spongy  material,  capable  of 
tacrip-  imbibing  and  retaining  considerable  water  or  other 
Sbpiie.  liquid;  for,  it  is  necessary  for  the  success  of  the 
experiment  that  they  should  be  well  moistened. 

'These  sections  or  disks,  which  I  will  call  moist- 
ened disks,  are  made  slightly  smaller  than  the  metal 
disks,  in  order  that  they  may  be  interposed  between 
the  other  disks  without  projecting  beyond  them. 

"Having  these  pieces  conveniently  arranged,  and 
in  good  condition,  that  is  to  say  the  metal  disks  clean 
and   dry   and   the   non-metallic   disks    sufficiently 


Fig.  ix8.— Volta's  Pile  or  Battery,  sometimes  called  Volta's  Column. 

moistened  with  water,  or  what  is  still  better,  salt 
water ;  they  are  then  lightly  pressed  in  order  to  pre- 
vent the  liquid  from  running  out.  I  have  then  only 
to  arrange  them  as  desired,  and  this  arrangement  is 
simple  and  easy. 

"I  place,  generally  horizontally,  on  a  table  or 
other  base,  one  of  the  metallic  plates,  for  example, 
one  of  silver ;  on  this  first,  I  then  place  a  second  of 
zinc ;  on  this  second,  I  place  a  moistened  disk ;  then 
another  plate  of  silver,  followed  immediately  by  an- 
other of  zinc,  to  which  I  can  make  succeed  a  moist- 
ened disk.  I  then  continue  in  the  same  manner  coup- 
ling a  plate  of  silver  with  one  of  zinc,  and  always  in 
the  same  direction ;  that  is  to  say,  always  the  silver 
above,  the  zinc  below,  or  vice  versa,  according  as  I 
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have  commenced,  interposing  between  each  two  of 
these  disks  a  moistened  disk;  I  continue,  I  say,  to 
form  by  many  of  these  sets  a  column  sufficiently  high 
that  it  may  be  able  to  stand  upright." 

The  general  appearance  of  Volta's  original  pile  is 
shown  in  Fig.  118.  It  consisted  of  alternate  disks 
of  copper  and  zinc,  separated  from  each  other  by  a 
disk  of  doth  moistened  with  water  containing  some 
saline  substance.  These  were  placed  in  a  pile,  carewn™?an" 
being  taken  to  preserve  the  same  order  of  arrange- toL^y-1* 
ment  throughout;  viz.,  copper,  cloth,  zinc;  copper, bSt»y. 
cloth,  zinc ;  etc.,  one  end  of  the  pile  ending  in  a  plate 
of  copper,  and  the  other  in  a  plate  of  zinc.  This 
instrument  was  called  the  voltaic  pile,  from  the  fact 
that  the  plates  were  thus  piled  on  one  another.  It 
was  called  a  battery  from  the  similarity  of  the  ar- 
rangement, from  an  electrical  point  of  view,  to  the 
Leyden-jar  battery.  Indeed,  the  voltaic  battery  may 
be  regarded  as  a  variety  of  electrical  battery,  which, 
unlike  the  Leyden-jar  battery,  possesses  the  power 
of  continually  recharging  itself  on  being  discharged, 
and  thus  producing  a  continual  discharge,  flow,  or 
current  of  electricity  so  long  as  certain  necessary 
conditions  are  preserved.  The  separate  or  alternating 
plates  or  disks  are  firmly  pressed  together  and  placed 
inside  a  suitable  frame,  shown  in  the  figure. 

The  invention  of  the  voltaic  pile  may  justly  be  re- 
garded as  of  great  importance  to  electrical  science. 
For  the  first  time  there  was  placed  in  the  hands  of 
scientific    men    a    ready    means    for   obtaining    aGr«»tvaiue 
continual  flow  of  electricity.    Although  the  electro-  JEy*5taic 
motive  forces  produced  by  the  voltaic  battery  werep««- 
exceedingly  small,  when  compared  with  the  electro- 
motive forces  produced  by  the  frictional  and  influ- 
ence machines,  that  were  practically  the  only  sources 
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of  electricity  before  the  invention  of  the  voltaic  cell, 
yet  the  quantity  of  electricity  so  set  in  motion  was 
much  greater  than  in  the  case  of  f  rictional  or  electro- 
static induction  machines.     It  is  not  surprising, 
scientific    therefore,  as  we  shall  see  when  we  come  to  discuss 
fiSSedT1*8  some  of  the  other  branches  of  electric  science,  that  it 
thc3nvin°w  was  at  the  time  of  the  invention  of  the  voltaic  pile, 
SSLSc*1*  and  by  its  means,  that  investigations  were  extended 
battery.      -n  Q^tr  feids  of  electric  research,  which  were  of  the 
greatest  importance  to  the  electric  arts  and  sciences 
of  to-day. 

As  we  have  seen,  Volta  ascribed  the  cause  of  the 
electricity  produced  by  his  pile,  to  the  mere  contact  of 
dissimilar  substances.    During  Volta's  time  this  ex- 
planation was  adopted  by  many  eminent  scientific 
men,  but  doubts  soon  began  to  arise  in  the  minds  of 
some  as  to  the  correctness  of  this  view,  and  another 
theory  was  proposed  as  to  the  cause  of  the  electricity, 
scientific     This  new  theory  attributed  the  cause  to  chemical 
S?5eenthe  action,  and  not  to  contact.     There  thus  arose  that 
£e  dSinu  celebrated  scientific  controversy  between  the  advo- 
for  the50  **  cates  of  the  contact  theory  of  the  voltaic  pile  on  the 
the  Tohaic  one  side,  and  the  advocates  of  the  chemical  theory 

battery  « 

of  the  voltaic  pile  on  the  other,  which  was  eagerly 
entered  into  by  nearly  every  scientific  man  in  the 
world.  Once  in  this  controversy,  or  quarrel,  it  be- 
hooved them  to  take  Shakespearean  advice  as  found 
in  the  quotation  at  the  beginning  of  this  chapter. 
It  was  during  this  controversy  as  to  the  origin  of 
the  electricity  in  the  voltaic  cell,  as  has  wittily  been 
said,  that  enough  ink  was  spilled  in  the  preparation 
of  the  learned  treatises  by  one  side  or  the  other  to 
float  all  the  royal  navy  of  England.  The  contro- 
versy was  not  only  waged  during  Volta's  time,  but 
continued  long  after  his  death,  and,  indeed,  in  some 
respects,  still  continues.     We  say  some  respects, 
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because,  as  we  shall  show,  with  some  reservations, 
the  chemical  theory  is  now  generally  accepted. 

In  a  paper,  read  by  Faraday,  before  the  Royal 
Society,  on  February  6,  1840,  the  matter  is  thus  re- 
ferred to  by  the  author,  who  publicly  takes  his  posi- 
tion as  an  advocate  of  the  chemical  theory : 

"What  is  the  source  of  power  in  a  voltaic  pile? 
This  question  is  at  present  of  the  utmost  importance 
in  the  theory  and  to  the  development  of  electrical 
science.    The  opinions  held  respecting  it  are  various ; 
but  by  far  the  most  important  are  the  two  which 
respectively  find  the  source  of  power  in  contact,  and 
in   chemical   force.      The   question   between  them 
touches  the  first  principles  of  electrical  action;  for 
the  opinions  are  in  such  contrast,  that  two  menthemrae11 
respectively  adopting  them  are  thenceforward  con- ft/tathe0" 
strained  to  differ,  in  every  point,  respecting  the  prob- vo    c  p  e' 
able  and  intimate  nature  of  the  agent  or  force  on 
which  all  the  phenomena  of  the  voltaic  pile  depend. 

"The  theory  of  contact  is  the  theory  of  Volta,  the 
great  discoverer  of  the  voltaic  pile  itself,  and  it  has 
been  sustained  since  his  day  by  a  host  of  philoso- 
phers, among  whom,  in  recent  times,  rank  such  men 
as  Pfaff,  Marianini,  Fechner,  Zamboni,  Matteucci, 
Karsten,  Bouchardat,  and  as  to  the  excitement  of 
the  power,  even  Davy ;  all  bright  stars  in  the  exalted 
regions  of  science.  The  theory  of  chemical  action 
was  first  advanced  by  Fabroni,  Wollaston,  and  Par- 
rot, and  has  been  more  or  less  developed  since  by 
Oersted,  Becquerel,  De  la  Rive,  Ritchie,  Pouillet, 
Schoenbein,  and  many  others,  among  whom  Becque- 
rel ought  to  be  distinguished  as  having  contrib- 
uted, from  the  first,  a  continually  increasing  mass 
of  the  strongest  experimental  evidence  in  proof 
that  chemical  action  always  evolves  electricity;  and 
De  la  Rive  should  be  named  as  most  clear  and  con- 
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stent  in  his  views,  and  most  zeakras  in  his  produc- 
tion of  facts  and  arguments,  from  the  year  1827  to 
the  present  time. 

"Examining  this  question  by  the  results  of  definite 
electro-chemical  action,  I  felt  constrained  to  take 
part  with  those  who  believed  the  origin  of  voltaic 
power  to  consist  in  chemical  action  alone." 

The  electrical  phenomena  produced  by  the  vol- 
taic pile  or  battery,  are  sometimes  referred  to  under 
the  name  of  galvanic  electricity,  the  subject  itself 
being  called  galvanism.  By  others  these  are  called 
SfcSSSn.  respectively  voltaic  electricity  and  voltaism.  The 
latter  terms  would  appear  to  be  more  in  accordance 
with  facts,  since  it  was  Volta,  and  not  Galvani,  who 
discovered  the  means  by  which  such  phenomena  are 
produced.  Indeed,  at  the  present  time,  the  words 
galvanic  electricity  and  galvanism  are  seldom  em- 
ployed,  except  by  some  electro-therapeutists. 

Fabroni,  referred  to  in  the  above  quotation  from 
Faraday,  in  a  communication  to  the  Scientific  Acad- 
dta£rt!  emy  of  Florence,  in  1799,  was  the  first  prominent 
£rtu«ory. scientific  man  who  publicly  asserted  his  belief  in  the 
chemical  origin  of  voltaic  electricity.  He  observed, 
among  other  phenomena,  the  fact  that  mercury  re- 
tains its  metallic  lustre  for  a  long  time,  if  kept  from 
contact  with  other  metals,  but  that,  when  in  contact 
with  such  metals  as  zinc,  it  becomes  rapidly  oxidized. 
He  noticed  similar  effects  with  a  variety  of  different 
metals,  and  from  these  observations  concluded  that 
voltaic  electricity  must  be  ascribed  to  chemical  ac- 
tion, and  not  to  contact. 

It  will  be  impossible,  from  want  of  space,  to  do 
anything  more  than  to  briefly  mention  some  of  the 
many  objections  that  have  been  urged  against  the 
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contact  theory  of  voltaic  electricity.  Faraday,  who 
made  extended  researches  in  this  direction,  became,  lS£$&onu> 
as  a  result  of  this  work,  a  strong  adherent  of  the  uJeo^** 
chemical  theory.  He  very  significantly  calls  atten- 
tion to  the  fact  that  the  contact  theory  necessitates 
a  belief  in  the  production  of  a  force  capable  of  over- 
coming resistance  and  doing  work,  such,  for  ex- 
ample, as  that  required  for  the  decomposition  of 
chemical  substances,  without  attempting  to  point  out 
the  origin  of  such  force,  a  belief  to  which  he  is  neces- 
sarily unable  to  subscribe,  since  such  would  be  the 
creation  of  power. 

Sir  William  Snow  Harris  also  expresses  himself 
in  favor  of  the  chemical  theory,  and  asserts  that  the 
facts  in  the  case  are  overwhelmingly  in  its  favor. 
He  calls  attention  to  the  significant  fact  that  any  in- 
crease or  decrease  in  the  amount  of  chemical  action 
in  a  voltaic  cell  is  followed  by  a  corresponding  in- 
crease or  decrease  in  the  amount  of  the  electricity  it 
produces,  and  that  when  the  chemical  action  in  such 
cell  ceases,  so  also  does  its  production  of  electricity. 

A  very  significant  fact,  to  which  attention  was  order  of 
frequently  called  during  this  celebrated  controversy,  Scries  an 
was  that  the  order  of  arrangement  of  the  contact  foftSe*11* 
series  is  practically  the  same  as  that  which  marks  theory, 
the  ability  of  the  metals  to  be  oxidized  by  air. 

It  will  be  well  to  enter  now  into  an  explanation  as 
to  the  parts  that  it  was  urged  are  played  both  by 
the  contact  of  the  dissimilar  metals,  and  by  the 
chemical  action  in  the  voltaic  cell. 

Let  us  suppose  that  a  bar  of  zinc  and  a  bar  of  cop- 
per of  equal  length  be  bent  so  as  to  form  a  rectangle 
when  placed  together,  and  when  so  placed  the  junc- 
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tions  are  soldered  or  welded  together,  as  shown  in 
wrSfi?  Fig-  x  J9-  Under  these  circumstances,  there  will  be 
SiEd^  formed  a  complete  conducting  path,  but  so  long  as 
JSJg101  there  is  no  difference  of  temperature  between  the 
mctais.      junctions,  i.e.  so  long  as  all  parts  of  the  rectangle 


Zn 


Ftao.  1 19.— Closed  Metallic  Circuit  showing  that  whatever  contact  S.M.  F.  's  may 

exist  neutralize  each  other  or  cancel  out. 

are  at  the  same  temperature,  no  electrical  currents 
current     will  be  produced.    If  there  be  any  contact  E.M.F/3 

only  set  up 

when  chem- here,  they  are  necessarily  oppositely  directed,  and 
maintained  therefore  cancel  or  wipe  each  other  out.     Now  let 

in  closed  . 

circuit.       us  suppose  that  an  opening  be  made  in  the  ring  at 
one  of  the  junctions,  so  that  the  rectangle  assumes 


Ticiiqa— Modification  of  Rectangle  of  Pig.  ri9  so  as  to  produce  electric  current. 

the  shape  shown  in  Fig.  1 19 a,  and  that  the  free  ends 
of  the  rectangle  be  dipped  in  a  dilute  solution  of  sul- 
phuric acid  and  water,  or  in  any  other  liquid  that  is 
capable  of  acting  chemically  on  the  zinc.  Immedi- 
ately there  will  be  differences  of  potential  set  up  and 


THE  EARLY  HISTORY  OF  THE  VOLTAIC  CELL         855 

an  electrical  current  will  begin  to  flow,  and  will  con- 
tinue to  flow  as  long  as  there  is  any  zinc  to  be  acted 
on,  or  any  sulphuric  acid  or  other  liquid  to  dissolve 
the  zinc. 

It  will  be  observed  that  the  path  of  the  current, 
i.e.  the  electric  circuit,  is  formed  in  part  by  the  liquid 
between  the  metals,  as  well  as  by  the  substances  of 
the  metals  themselves.    The  direction  in  which  this 
current  flows  is  indicated  by  the  arrows.    Here  we^/SS^fc 
have  the  combination  of  two  dissimilar  metals  with  a  S£££h 
substance  capable  of  dissolving  one  of  the  metals  roiuic  <*u. 
and  entering  into  combination  with  it.    It,  therefore, 
corresponds  to  the  combination  employed  in  Volta's 
original  pile,  the  bar  of  zinc  and  the  bar  of  copper 
corresponding  to  the  disks  of  zinc  and  copper,  and 
the  liquid  to  the  moistened  disk  of  cloth  placed  be- 
tween them. 

Now  we  know  that  in  order  to  maintain  a  con- 
tinuous electric  current  a  difference  of  electric  po- 
tential or  a  difference  of  electric  pressure  must  betrcof  " 
maintained,  and  to  maintain  such  difference  of  po-S^g^ 
tential  requires  the  expenditure  of  energy.     ThiscEratta 
energy  is  evidently  liberated  during  the  combina- vo    c  **  ' 
tion  of  the  zinc  with  a  part  of  the  liquid  'in  which  it 
has  been  placed.     In  other  words,  the  current  is 
maintained  practically  by  the  burning  of  the  zinc  by 
the  liquid  in  which  it  is  dipped.    Chemical  energy  is, 
therefore,  the  cause  which  maintains  the  electric 
current  in  the  voltaic  battery. 

If  the  zinc  be  amalgamated;  i.e.,  covered  with  a 
thin  film  of  mercury,  by  first  dipping  the  zinc  in  simple  tou 
dilute  sulphuric  acid  and  then  rubbing  its  sur* ace  ^^ 
with  mercury,  and  the  rectangle  be  so  arranged  thatctowit- 
an  opening  can  be  made  at  the  top  as  well  as  at  the 
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bottom ;  we  will  then  have  the  arrangement  shown 
in  Fig.  1 20,  at  the  left-hand  side,  where  a  separate 
plate  of  zinc  and  a  separate  plate  of  copper  are 
dipped  in  a  liquid.  Under  these  circumstances,  if 
the  wires,  or  conductors  connected  with  the  tops  of 
the  plates,  be  kept  separated,  no  chemical  action  will 
take  place;  but  if  such  a  connection  be  made,  as 
shown  at  the  right-hand  side  of  the  figure,  a  current 
of  electricity  will  immediately  flow  through  the  com- 
bination from  the  zinc  to  the  copper  through  the 
liquid,  and  from  the  copper  to  the  zinc  outside  the 


Fte.iea— S 


implc  Voltaic  Cell  on  dosed  circuit.    Note  the  direction 
of  the  current. 


liquid,  and  this  flow  will  continue  as  long  as  any  zinc 
remains  to  be  dissolved  in  the  liquid,  or  any  liquid 
remains  to  dissolve  it. 


The  following  differences  exist  between  a  vol- 

significant  taic  cell  when  on  open  and  when  on  closed  circuit.    If 

gKS .the  zinc  be  not  amalgamated,  then  on  open  circuit,  as 

drraitST^'at  the  left-hand  side  of  the  figure,  the  following 

drafted     actions  will  take  place :    The  sulphuric  acid  acts  on 

the  zinc,  hydrogen  gas  is  liberated  at  the  surface  of 

the  zinc  plate,  but  no  change  occurs  in  the  copper 

plate.     All  the  energy  liberated  during  the  action  of 

the  sulphuric  acid  on  the  zinc  appears  in  the  form  of 

heat,  which  raises  the  temperature  of  the  liquid. 
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When,  however,  the  circuit  of  the  voltaic  cell  is 
closed,  as  shown  at  the  right-hand  side  of  the  figure, 
the  zinc  is  still  attacked,  though  not  at  the  same  rate 
as  before.  But  there  are  now  two  differences  thatS^^ 
should  be  carefully  noted;  viz.,  the  hydrogen  is  liber- JSSS.0811 
ated  practically  only  at  the  surface  of  the  copper 
plate,  and  the  energy  liberated  by  the  chemical  action 
of  the  sulphuric  acid  on  the  zinc  no  longer  appears  as 
heat  in  the  cell,  but  as  electric  energy  in  the  circuit  of 
the  cell.  The  origin  of  the  electric  energy  of  the 
voltaic  cell  is  therefore  the  chemical  energy  liberated 
during  the  burning  or  combination  of  the  zinc  with 
a  part  of  the  sulphuric  acid.  In  this  sense,  therefore, 
the  production  of  electric  energy  is  a  case  in  whkh 
heat  of  a  chemical  origin  has  been  transformed  into 
electric  energy. 

It  should  always  be  carefully  borne  in  mind,  in 
considering-  the  chemical  and  contact  theories  of  the 
voltaic  cell,  that,  although  voltaic  contact  E.M.F.'s 
are  produced,  they  practically  only  exist  when  theilMj^'s 
voltaic  cell  is  on  open  circuit.     As  soon  as  the  circuit  «t^nPo^n- 
of  a  voltaic  cell  is  closed,  the  sum  of  all  the  separate  voltaic  ceu. 
contact  RM.F/s  cancels  out.     In  other  words,  the 
opposite  contact  RM.F.'s  produced  neutralize  one 
another.     Such  E.M.F.'s   therefore  cannot  be  the 
source  of  the  current  of  the  cell. 

We  are,  therefore,  justified  in  saying  that  to-day 
practically  all  scientific  men  are  advocates  of.  the 
chemical  theory  of  the  voltaic  cell,  and  that  the  con- 
tact theory  has  been  rejected  as  being  at  variance 
with  the  doctrine  of  the  conservation  of  energy.  SJJ5*5» 
Unfortunately,  however,  this  controversy  has  taken  £M$vtthe 
another  direction  on  which  scientific  opinion  is  still  2u*c3iT 
divided,  and  this  is  as  to  what  point  in  the  voltaic 
circuit  we  may  regard  as  the  seat  of  the  E.M.F/s 
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produced.  It  will  not  be  advisable  in  an  elementary 
book  to  discuss  this  question  as  to  the  true  seat  of 
the  E.M.F.'s  of  the  voltaic  cell.  The  following 
quotation,  taken  from  one  of  the  latest  works  on 
this  subject;  viz.,  on  "Primary  Batteries,"  by  W.  R. 
Cooper,  will  explain  how  the  matter  is  regarded  at 
the  present  day: 

"Perhaps  the  safest  conclusion  to  which  a  con- 
sideration of  the  various  theories  leads  is  that  the 
SflSt011  whole  matter  is  largely  a  question  of  definition,  and 
mlp.*    that  it  is,  therefore,  of  relatively  very  small  impor- 
SifcttiL1"  tance.     It  depends  a  great  deal  upon  the  point  of 
view,  and  so  we  can  not  say  that  one  theory  is  correct 
and  another  necessarily  wrong.     This  statement  is 
also  true  of  many  other  phenomena,  as  pointed  out 
by  Willard  Gibbs.     For  example,  some  people  might 
say  that  the  circulation  of  water  in  a  hot-water  sys- 
tem is  due  to  the  action  of  gravity  upon  the  vertical 
columns  of  water  at  different  temperatures  and  hav- 
ing different  densities;  others  might  say  that  it  is 
due  to  the  furnace. 

"Our  ideas  are  naturally  based  upon  processes 
most  familiar  to  us.  Being  accustomed  to  the  flow 
of  water  under  the  action  of  gravity,  we  are  struck 
with  a  similarity  of  electric  flow,  and  thus  we  are 
tempted  to  carry  the  analogy  too  far.  It  is  conven- 
ient to  think  of  electricity  being  raised  in  potential 
at  some  point  in  the  cell,  just  as  a  pump  raises  water 
to  a  higher  level,  keeping  up  a  continuous  stream 
and  enabling  the  water  to  do  work  by  its  downward 
flow.  But  the  pump  is  not  necessarily  placed  where 
the  water  gains  potential  energy.  We  may,  of 
course,  define  the  seat  of  E.M.F.  as  the  point  where 
energy  is  given  to  the  circuit,  but  that  is  only  a  defini- 
tion, and  we  can  not  always  decide  upon  the  position 
of  such  a  point." 
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"The  most  important  problem  bow  before  the  electrical 
investigator  is  the  production  of  cheap  electricity.  The  prin- 
cipal modes  by  which  this  may  be  attained  are,  first,  im- 
provements in  steam  boilers  and  engines,  gas-engines,  and 
other  existing  transformers  of  power;  second,  the  utiliza- 
tion of  the  natural  powers,  such  as  waterfalls,  currents^ 
tides,  the  wind,  solar  heat,  etc.;  and  third,  the  electro-chem- 
ical decomposition  of  cheap  or  refuse  substances  in  the 
voltaic  cell  To  the  electrical  student  the  last  is  the  most 
inviting  and  equally  the  most  promising  in  the  possibilities 
which  it  offers."—  The  Voltaic  Cell:  Pabk  Benjamin 


T 


HE  voltaic  cell  consists  of  the  combination 
of  two  different  metals,  or  a  metal  and  some 
substance  like  carbon  or  graphite,  which, 


suitably  dipped  in  a  liquid,  and  connected  outside  the  chutes  a" 
liquid  by  means  of  an  electrical  conductor,  will  pro-  *° 
dace  a  current  of  electricity.    For  example,  if  a  plate 
of  copper  and  a  plate  of  zinc  be  placed  in  a  glass  jar 
containing  dilute  sulphuric  acid,  say  one  part  of  sul- 
phuric acid  diluted  with  ten  parts  of  water,  and  be 
connected  with  conducting  wires,  as  shown  in  Figv 
1 20,  the  combination  will  form  a  voltaic  cell,  and  a 
current  will  flow  in  the  direction  indicated  by  the 
arrows.    Here  the  two  different  metals,  i.e.,  copper 
and  zinc,  form  what  is  called  a  voltaic  pair  or  couple.  JjJJjJl* 
Each  of  the  substances  in  a  voltaic  couple  is  called gjyjj of 
an  element.     A  great  many  different  substances  are  ^S^1 
capable  of  acting  together  as  voltaic  couples.     These  Jj?^,, 
couples,  however,  generally  consist  of  two  different 
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metals,  but  may  consist  of  a  metal  and  a  substance 
like  carbon,  or  of  two  different  liquids,  or  even  of 
two  different  gases. 

The  liquid  in  which  a  voltaic  couple  is  dipped  is 
Electrolyte,  called  the  electrolyte.     In  order  for  any  liquid  to  act 
as  an  electrolyte,  it  must  possess  the  power  of  con- 
ducting electricity,  and  of  being  decomposed  or 
Podtire     broken  up  into  its  constituent  parts  by  the  electric- 
Si*  JJE;  ity.    The  different  elements  of  a  voltaic  couple  are 
oreiements.  sometimes  called  the  plates.     There  are  always  two 
plates  in  a  voltaic  cell ;  viz.,  the  positive  and  the  nega- 
tive plate.     The  ends  of  the  plates  that  project 
beyond  the  electrolyte  are  called  the  poles  or  elec- 
trodes of  the  cell,  the  positive  pole  or  electrode  being 


#     — 


Fig.  iax.— Current  strength  in  an  electric  circuit.  Note  here  the  manner 
In  which  an  electric  source,  in  this  case  four  voltaic  cells,  is  conventionally 
represented  by  groups  of  vertical  lines  of  unequal  length. 

the  pole  from  which  the  current  leaves  the  cell,  or 
ejectrodea  flows  out  of  it,  while  the  negative  pole  or  electrode  is 
ceii.  the  pole  at  which  the  current  returns  to  the  cell.  It 
is  often  very  convenient  to  represent  a  voltaic  cell  or 
any  other  electric  source — i.e.,  any  device  for  pro- 
ducing E.M.F.,  and  therefore  setting  electricity  in 
motion — by  two  vertical  lines  of  unequal  length,  as 
are  shown  in  Fig.  121.  Here  each  two  vertical  lines 
may  be  taken  as  representing  the  two  plates  in  a  vol- 
taic cell.  We  cannot  see  an  electric  current  or  flux 
any  more  than  we  can  magnetic  flux.  It  is  there- 
fore convenient  to  make  a  convention  as  to  the 
direction  in  which  the  current  is  assumed  to  flow,  as 
is  done  in  the  case  of  magnetism.     Just  as,  in  mag- 
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netism,  the  flux  is  assumed  to  come  out  of  the  north 
pole  of  the  magnet,  and,  after  flowing  through  the 
space  lying  outside  the  magnet,  to  return  to  the  mag- 
net at  its  south  pole,  so  in  electricity,  the  electric 
current  is  assumed  to  leave  the  electric  source  at  its 
positive  pole,  or  electrode,  and,  after  having  passed 
through  the  conducting  path  provided  for  it  outside 
the  source,  to  re-enter  the  source  at  its  negative  pole, 
or  electrode.  Consequently,  in  this  figure,  we  as- 
sume that  the  electricity  leaves  the  source,  i.e.  the 
voltaic  cell,  at  its  positive  electrode,  and  returns  to 
it  at  its  negative  electrode,  after  it  has  passed  through 
the  conducting  circuit  provided  for  it  outside  the 
source. 

Referring  now  again  to  the  right-hand  side  of  Fig. 
120,  it  will  be  seen,  that  although  the  electric  current 
leaves  the  terminals  or  electrodes  of  a  voltaic  cell  at 
its  positive  electrode  or  terminal,  which,  in  this  case, 
will  be  the  copper  terminal  of  the  copper-zinc  couple 
there  represented,  and  returns  to  the  cell  at  its 
negative  electrode,  viz.  the  zinc  terminal,  that, 
during  its  passage  through  the  electrolyte  in  the 
cell  it  necessarily  leaves  the  zinc  plate,  and,  after 
flowing  through  the  liquid,  re-enters  the  copper 
plate.  Consequently,  in  accordance  with  the  conven- 
tion above  referred  to,  that  part  of  the  zinc  plate 
which  is  below  the  surface  of  the  liquid  of  the  elec- 
trolyte must  be  positive.  No  little  confusion  some-  confuaion 
times  arises  by  regarding  the  zinc  as  the  positive 
plate  and  the  copper  as  the  negative  plate.  Strictly  JJJ^ 
speaking,  these  terms  are  correct  in  accordance  with  tivc  plate8, 
the  above  convention.  It  may,  perhaps,  be  prefer- 
able to  speak  of  the  positive  plates  as  possessing  the 
same  polarities  as  the  conductors  connected  with 
them.  We  shall,  therefore,  hereafter,  unless  it  is 
otherwise  specifically  stated,  call,  in  the  case  of  a  zinc- 


as  to 

of  positive 
aega- 
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copper  couple,  the  copper  the  positive  plate,  and  the 
zinc  the  negative  plate.  In  any  voltaic  couple,  dur- 
ing the  production  of  the  current,  one  of  the  plates 
only  is  acted  on;  for  example,  in  the  zinc-copper 
couple  immersed  in  dilute  sulphuric  acid,  the  zinc 
plate  only  is  acted  on.  In  all  cases  that  element  of  a 
voltaic  couple  which  is  acted  on  during  the  produc- 
tion of  the  current  will  hereafter  be  called  its  nega- 
tive plate  and  the  other  its  positive  plate. 

The  circuit  of  a  voltaic  cell  is  said  to  be  open  or 
broken  when  no  conducting  path  is  provided  outside 
the  cell.  The  circuit  is  said  to  be  completed,  or 
made,  when  a  continuous  unbroken  conducting  path 
is  provided. 

During  action,  that  is  while  the  voltaic  cell  is  pro- 
ducing current,  the  negative  plate,  as  we  have  seen,  is 
slowly  dissolved  in  the  electrolyte.  In  the  case  of 
Locd  zinc,  if  this  plate  were  made  of  chemically  pure 
actkML  metal,  no  action  would  take  place  when  the  circuit 
was  open  or  broken.  In  point  of  fact,  however, 
owing  to  the  presence  of  impurities  in  the  commer- 
cial zinc  employed  in  all  voltaic  cells,  a  wasteful 
local  action  will  take  place  and  the  zinc  will  be  dis- 
solved, as  will  be  shown  by  the  appearance  of  bubbles 
of  gas  that  are  given  off  from  the  surface.  In  order 
to  prevent  this  local  action  the  zinc  must  be  amalga- 
mated, or  covered  with  a  thin  coating  or  layer  of 
Amaig».  amalgam.  This  is  accomplished  by  dipping  the  zinc 
matipiate.  plate  into  a  solution  of  sulphuric  acid  and  water, 
throwing  a  few  drops  of  mercury  on  the  zinc,  and 
then  rubbing  its  surface  with  a  cloth.  By  these 
means  the  zinc  becomes  coated  with  a  bright  metallic 
surface  of  mercury.  Amalgamated  zinc,  even  though 
impure,  is  not  acted  on  by  the  electrolyte  when  the 
voltaic  cell  is  on  open  circuit. 


zinc 
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As  already  stated,  gaseous  substances  are  capable 
of  being  employed  as  the  elements  of  a  voltaic  cell. 
Now  when  the  circuit  of  a  voltaic  cell  is  closed,  al- 
though a  chemical  action  takes  place  on  the  zinc 
or  negative  plate,  yet  the  hydrogen,  instead  of  being 
given  off  at  the  zinc  plate,  appears  at  the  surface  of 
the  copper  or  positive  plate.  Consequently,  the 
copper  plate  becomes  covered  with  bubbles  of  hydro-  f^ES^ 
gen  gas.  But  hydrogen  gas  is  positive  to  zinc.  {SLuST 
A  tendency  therefore  exists  to  produce  an  electro-  JE^ST" 
motive  force  that  is  so  directed  as  to  send  anof 
electric  current  through  the  liquid  of  the  cell  from 
the  hydrogen-covered  copper  plate  to  the  zinc,  or 
in  the  opposite  direction  to  that  through  which 
the  current  ordinarily  passes.  There  thus  results 
a  falling  off  in  the  strength  of  the  current  de- 
livered by  the  cell.  Moreover,  this  decrease  in 
the  current  strength  is  aided  by  the  fact  that  the 
gas  covering  the  copper  plate  interposes  a  high  elec- 
tric resistance  to  the  passage  of  the  current,  and, 
therefore,  cuts  down  its  strength. 

The  accumulation  of  hydrogen  gas  on  the  surface 
of  the  copper  plate  is  called  polarization.  In  some 
cases  the  polarization  takes  place  so  rapidly  that  in  {Jjjfjjjk 
a  few  minutes,  or  even  after  a  few  seconds,  the  cur-  voltaic  celL 
rent  strength  becomes  too  feeble  to  permit  the  cell 
to  properly  act.  For  example,  if  an  electro-mag- 
netic bell  be  placed  in  the  circuit  of  an  ordinary  zinc- 
copper  couple  immersed  in  sulphuric  acid,  the  bell 
will  at  first  sound  vigorously,  but,  on  account  of 
the  rapid  polarization  that  takes  place,  the  sound 
will  become  fainter  and  fainter,  and,  after  a  few 
moments,  will  entirely  cease. 

There  are  several  ways  by  which  the  bad  effects 
of  polarization  may  be  avoided.  Briefly,  these  may 
be  divided  into  three  classes;  viz.,  mechanical,  chem- 
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ical,  and  eieotro-chemicaL     The  gas  may  be  removed 

mechanically,  as,  for  example,  by  directing  a  stream 

of  air  against  the  plate  90  as  to  brush  off  the  gas 

that  collects;  or  by  roughening  the  surfaces  of  the 

how  the     pfete>  so  as  to  cover  it  with  points.     Here  the  gas, 

So^ft     collecting  in  greater  quantities  at  the  points,  is  able 

Siimv  be  to  pass  mechanically  off  the  surfaces.     A  more  effec- 

lessenea.    ^ TC  ^ay  js  to  remove  the  gas  by  chemical  means,  that 

is,  to  dip  the  plate  on  which  the  gas  accumulates 
into  some  chemical  solution,  such  as  nitric  or  chromic 
acid,  which  possesses  the  power  of  entering  into  com- 
bination with  hydrogen  gas,  and  so  removing  it 
But  what  is  a  still  better  way  is  the  method  called 
How  polar-  the  electro-chemical  method,  in  which  such  eiectro- 
beSSiSy7 fytes  are  employed  that  the  substance  which  collects 
avoided.     ^  tj^  pjate  a^js  rather  than  retards  the  action  of  the 

cell ;  for  example,  in  a  copper-zinc  couple,  instead  of 
hydrogen  being  deposited  on  the  copper  plate,  a  film 
of  electrically  deposited  copper  is  deposited.  In  such 
oells  the  bad  effects  of  polarization  are  thus  entirely 
avoided. 

The  mechanical  avoidance,  and  in  some  cases  the 
chemical  avoidance,  of  the  polarization  of  voltaic 
cells,  is  so  inefficient  that  the  cell  soon  becomes  in- 
capable of  continuously  supplying  electrical  currents 
of  sufficient  strength  to  properly  operate  the  different 
devices  with  which  it  is  connected.     Such  cells  are, 
therefore,  only  suitable  for  giving  occasional  cur- 
rents, such  as  are  required  for  the  ringing  of  bells, 
the  operation  of  signals,  or  for  use  in  telephony  or 
cioeed-      telegraphy.     Such  cells  are  called  open-circuit  cells, 
andUopen-    *n  order  *°  distinguish  them  from  constant  or  closed- 
▼oiulc^iia  circuit  cells,  which  are  able  to  remain  continuously 
on  closed  circuit.     In  all  practical  open-circuit  cells, 
however,  the  cells  perfectly  recover  their  activity 
or  depolarise,  if  left  for  a  time  on  open  circuit 
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In  any  voltaic  cell  the  current  strength  the  cell  is 
able  to  furnish,  in  a  given  time,  will,  of  course,  de- 
pend on  the  electrical  resistance  which  the  cell  itself 
possesses.  If  this  be  great,  the  amount  of  current  the 
cell  can  pass  through  a  circuit  outside  itself  will  also 
necessarily  be  small.     Consequently,  a  good  voltaic 
cell  should  possess  a  small  electric  resistance.     Since  ^wtes 
local  action  produces  a  useless  current,  a  good  vol-2d]£luic 
taic  cell  should  possess  but  little  local  action.     The 
substances  of  which  the  couples  are  composed  should 
not  be  of  an  expensive  character.     For  some  pur- 
poses, the  current  strength  need  not  be  very  great. 
For  other  purposes,  the  current  strength  is  of  more  why  so 
importance,  so  that  the  resistance  of  a  cell  is  a  matter  Su£Jent 
that  should  be  carefully  looked  after.     In  all  cases  E£jb^2li 
where  large  currents  are  required  the  resistance toventod* 
must  necessarily  be  small.     No  single-fluid  cell  pos- 
sesses all  these  characteristics.     It  is  for  this  reason 
that  a  very  great  number  of  different  voltaic  cells 
have  been  invented.     All  these,  however,  may  be 
divided  into  two  classes;  viz.,  single-fluid  voltaic 
cells  and  double-fluid  voltaic  cells. 

A  very  common  but  excellent  form  of  a  single- 
fluid  voltaic  cell  is  that  called  the  bichromate  cell, 
from  the  fact  that  its  electrolyte  consists  of  a  solution 
of  bichromate  of  potash  dissolved  in  water  contain- 
ing sulphuric  acid.  In  this  cell  the  voltaic  couple 
consists  of  a  plate  of  zinc  and  a  plate  of  carbon. 
Since  the  bichromate  cell  is  generally  employed  for  duwute 
producing  large  currents,  in  order  to  lessen  its  elec-  v 
trical  resistance  both  surfaces  of  the  zinc  are  em- 
ployed, by  placing  carbon  plates  on  each  side  of  the 
zinc  plate,  as  shown  in  Fig.  122.  This  arrangement 
doubles  the  area  of  cross-section  of  the  electro- 
lyte, and  this,  as  we  have  already  seen,  reduces  its 
electrical  resistance  one-half.     The  electrodes  or  ter- 
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minals  of  the  cell  are  furnished  with  what  are  called 
binding  posts.  These  consist  of  small  cylindrical 
posts  of  brass  provided  with  openings  for  the  inser- 
tion of  the  conducting  wires,  which  are  then  clamped 
into  the  post  by  means  of  small  screws.  When  the 
cell  is  not  furnishing  current  the  zinc  plate  is  raised 
out  of  the  electrolyte.  This  cell  causes  an  electro- 
motive force  of,  approximately,  1.96  volts. 

The  red  exciting  liquid  employed  in  this  cell  is 
made  by  dissolving  one  pound  of  crystals  of  bichro- 


F10.  mi.— Tin  Bichromate  Voltaic  CelL  The  line  plait  Buy  be  raited  from 
the  liquid,  when  the  cell  it  not  in  we,  by  raising  the  rod  shown  between  the 
two  binding  ports  on  the  lop  ol  the  cell. 

mate  of  potash  in  ten  pounds  of  water,  and  then 
it- slowly  adding  2J4  pounds  of  sulphuric  acid.  It  is 
necessary  to  add  the  sulphuric  acid  slowly,  since 
>  sulphuric  acid  mixed  with  water  heats  the  liquid,  and 
if  added  all  at  once  the  heat  liberated  may  break  the 
glass  vessel.  The  red  liquid  rapidly  changes  to  a 
green  color  on  being  used,  owing  to  the  decomposi- 
tion that  takes  place  at  the  action  of  the  cell.  Crys- 
tals of  chrome  alum  are  frequently  deposited  on  the. 
bottom  of  the  jar.  This  substance  is  formed  during 
the  action  of  the  cell.    The  red  exciting  liquid  is  very 
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poisonous,  and  should  be  kept  out  of  the  way  of 
ignorant  people. 

Another  form  of  single-fluid  voltaic  cell  is  called^ 
the  Smee  cell.  This,  as  shown  in  Fig.  122 a,  is  com-  voltaic  ceii. 
posed  of  a  voltaic  couple,  of  zinc  and  silver  dipped 
into  sulphuric  acid  diluted  with  water.  In  order 
to  decrease  the  polarization  the  surface  of  the 
silver  plate  is  either  roughened  or  is  covered  with 
a  coating  of  finely  divided  platinum  called  platinum 
black.     This  cell  was  formerly  employed  in  electro- 


Fig.  ima.— The  Smee  Voltaic  Cell.  Note  here  that  the  zinc  element,  the  outer 
plates,  is  placed  on  both  sides  of  the  silver  plate,  thus  decreasing  the  resistance 
of  the  cell. 

plating,  or  depositing  one  metal  on  the  surface  of 
another  by  means  of  an  electric  current.  The  Smee 
cell  gives  an  electro-motive  force  of  about  .65  volts. 

Sometimes,  in  single-fluid  voltaic  cells,  in  order 
to  decrease  the  bad  effects  of  polarization,  the  sur- 
face of  the  positive  plate  is  enlarged.  A  cell  of  this 
type  is  shown  in  Fig.  123,  where  the  negative  plate 
consists  of  a  single  zinc  rod,  and  the  positive  plate  is 
formed  by  a  number  of  carbon  rods  surrounding 
the  zinc  rod.  The  electrolyte  employed  is  a  solution 
of  sal-ammoniac,  or  ammonium  chloride.  This  cell 
belongs  to  the  open-circuit  type  of  cell,  and  is  em- 
ployed in  cases  where  a  small  current  is  required 
at  considerable  intervals  only,  such  as  for  ringing 


868  BLB0TSJ01TY  IN   BVBRY-DA7   LIPB 

bells,  sounding  alarms,  setting  signals,  etc.  In  such 
cases  long  rests  between  the  times  of  using  the  cell 
give  it  abundant  opportunity  for  depolarizing. 

In  double-fluid  cells,  as  the  name  indicates,  two 
separate  fluids  are  employed,  in  which  the  elements 
uwofpor-  are  separately  dipped.  In  order  to  prevent  these 
vohbkccUi fluids  from  mixing,  they  are  either  placed  in  vessels 
of  unglazed  earthenware,  called  porous  cups  or  cells, 
or  the  liquids  are  kept  apart  by  means  of  differences 
in  their  density  or  gravity. 


*  form  ol  a  lioe-carbon  o 


■tea  of  toe  carbon  element  i*  greatly  iocreued. 

There  are  a  great  variety  of  double-fluid  voltaic 
» cells.  A  common  form  is  seen  in  the  Bunsen  cell, 
'  so  named  after  the  celebrated  German  chemist,  who 
invented  it  in  1842.  The  Bunsen  cell  consists  of  a 
voltaic  couple  of  carbon  and  zinc,  immersed  respec- 
tively in  strong  nitric  acid,  and  in  dilute  sulphuric 
acid.  The  nitric  acid  is  placed  inside  a  porous  cell, 
in  which  the  carbon,  in  the  shape  of  a  solid  cylinder, 
is  placed,  as  shown  in  Fig.  124.  The  zinc  is  in  the 
form  of  a  hollow  cylinder,  and  is  placed  outside  the 
porous  cell  in  a  jar  containing  the  dilute  sulphuric 
acid.  The  terminal  connected  with  the  carbon  is 
the  positive  terminal,  and  that  connected  with  the 
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zinc  is  the  negative  terminal.     This  cell  gives  an 

electro-motive  force  of   1.96  volts.     The  Bunsen 

cell  is  a  modified  form  of  a  cell  called  the  Grove  cell,  TheGrarr 

invented  by  Grove  in  1839,  in  which,  instead  of  a  ™luic  ""• 

cylinder  of  carbon,  a  plate  of  metallic  platinum  was 

employed. 

In  1836,  Prof.  J.  F.  Daniell,  of  London,  England,  Duieira 
invented  a  form  of  voltaic  cell  which  was  a  great  ventton  of 
improvement  on  pre-existing  forms,  in  that,  unlike  cn«»tai 
any    preceding   cells,    it    absolutely   prevented   thcwjffijr 


Kig.  114.— Bnnsn'i  Voltaic  Cell.  Hen  tbc  line  Is  plated  In  ihe  dilute  tn\- 
phuric  icid  in  the  outer  vernel,  ud  the  eubon  cylinder  to  tne  porous  cell  con- 
Uiniiig  nitric  »cid. 

deposition  of  hydrogen  on  the  copper  plate  of  a  zinc- 
copper  couple.     Daniell  accomplished  this  much-to- 
be-desired  result  by  dipping  the  copper  plate  in  a 
solution  of  copper  sulphate  or  blue  vitriol,  so  that, 
instead  of  the  hydrogen  gas  being  deposited  on  the 
surface  of  the  copper  plate,  the  hydrogen  acting 
on  the  copper  sulphate  solution  surrounding  the  cop- 
per plate  coated  it  with  an  adherent  film  of  metallic 
copper.    In  other  words,  Daniell  invented  the  electro-  SSrfnnd- 
chemical   method   of  preventing  the  polarization,  ^g^gf 
This  method  is  by  far  the  most  efficient  known  for  £';£££, 
accomplishing  this  result.     The  Daniell  cell  was  the"1**™* 
first  voltaic  cell  that  was  capable  of  producing  a  con- 
stant current  or  forming  a  true  closed-circuit  cell. 
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This  cell  marked  such  an  era  in  science  that,  al- 
though to-day  it  is  but  little  employed  in  the  exact 
form  in  which  it  was  invented,  yet  we  will  describe 
it,  especially  as  the  general  principles  on  which  it  is 
constructed  are  the  same  as  those  of  the  cell  which 
has  supplanted  it. 

The  general  appearance  of  a  Daniell  constant  vol- 
_^  taic  cell  is  shown  in  Fig.  125.  It  consists  of  a  zinc- 
~gnu«  copper  couple,  the  elements  of  which  are  dipped  re- 
spectively in  sulphuric  acid  diluted  with  water,  and  in 
a  saturated  solution  of  copper  sulphate  in  water;  that 
is,  a  solution  in  which  the  water  has  dissolved  as 
great  an  amount  of  crystals  of  copper  sulphate  as  it 


Voltaic  Cell.    Note  the  upper  surface  of  the 
e  copper  cylinder. 

is  capable  of  dissolving.  The  copper  element  was 
made  in  the  form  of  a  hollow  cylinder  provided  with 
a  perforated  copper  basket  placed  near  the  top.  This 
basket  was  filled  with  crystals  of  blue  stone  or  cop- 
per sulphate,  so  as  to  keep  up  the  strength  of  the 
copper  sulphate  solution  during  the  action  of  the 
cell.  The  copper  cylinder  was  placed  inside  a  porous 
cell  filled  with  a  saturated  solution  of  copper  sul- 
phate. The  zinc,  in  the  shape  of  a  hollow  cylinder 
surrounding  the  porous  cell,  was  placed  in  a  glass 
vessel  filled  with  sulphuric  acid  diluted  with  water. 
The  electro-motive  force  of  this  cell  is  1.072  volts. 
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It  is  not  difficult  to  understand  why  a  Daniell  cell 
is  capable  of  supplying  a  constant  electric  current, 
since  the  troubles  arising  in  previously  existing  cells, 
owing  to  the  unsatisfactory  methods  employed  forSiSficu* 
avoiding  polarization,  are  here  entirely  removed.  In  JfiSf ^ 
the  Daniell  cell  the  hydrogen,  which  would  other-  55525. of 
wise  be  liberated  at  the  surface  of  the  copper  plate,  S?£2unt 
in  passing  through  the  solution  of  copper  sulphate 8trength* 
surrounding  the  copper  plate,  decomposes  it,  deposit- 
ing metallic  copper  on  the  surface  of  the  copper  plate. 
At  the  same  time,  as  a  result  of  this  decomposition, 
sulphuric  acid  is  liberated,  and  passing  through  the 
porous  cell  into  the  dilute  sulphuric  acid  in  the  outer 
cell,  serves  to  maintain  its  strength  as  it  becomes 
weakened  by  dissolving  the  zinc.  It  is  true  that  the 
solution  of  copper  sulphate  in  the  inner  cell  becomes 
weakened  by  reason  of  the  copper  sulphate  that  has 
been  removed  from  it  by  decomposition  by  the 
hydrogen;  but  this  loss  is  at  once  made  up  by  the 
liquid  dissolving  sufficient  of  the  crystals  of  copper 
sulphate  in  the  perforated  copper  basket  to  keep  the 
solution  saturated.  As  long,  therefore,  as  there  is 
any  zinc  to  be  acted  on,  and  any  crystals  of  copper 
sulphate  in  the  copper  basket  to  be  dissolved,  the 
Daniell  cell  will  continue  to  supply  a  current  of 
constant  strength  to  any  circuit  with  which  it  is 
connected. 

The  invention  of  the  Daniell  cell  is  properly  re- 
garded as  of  great  importance  to  electric  science.    It 
sepres  as  an  example  of  the  manner  in  which  several 
great  inventions  often  go  hand  in  hand.     As  soon  as  The  cffect8 
scientific  men  discovered  that  the  electric  current  is  °i£!in:, 

veotion  oi 

transmitted  almost  instantly  through  good  conduc-  JJj}  JJJ0*11 
tors,  many  different  suggestions  were  made  as  to  the  Jj£2: 
possibility  of  telegraphic  communication.     Before, 
however,  any  of  the  ordinary  systems  of  telegraphy 
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now  in  use  could  become  commercial  possibilities, 
two  other  great  inventions  were  necessary;  viz.,  that 
of  the  electro-magnet,  and  that  of  an  electric  source 
capable  of  supplying  for  a  practically  indefinite 
time  an  electric  current  of  approximately  constant 
strength.  It  was  the  invention  by  Daniell  that  sup- 
plied this  latter  want,  and  for  this  reason  alone  it 
would  be  proper  to  regard  his  invention  as  of  great 
advantage  to  electric  science.  But  in  addition  to 
this,  by  placing  for  the  first  time,  in  the  hands  of 
scientific  men,  a  means  for  readily  producing  an 
electric  current  of  constant  strength,  it  permitted 
other  inventions  to  be  made  which  were  of  equal 
importance  to  the  advance  of  electric  science.  Prom- 
inent among  these  is  that  of  the  ability  of  the  elec- 
tric current  to  decompose  chemical  substances.  The 
principles  of  this  latter  discovery  will  be  treated 
hereafter. 

Daniell  describes  the  construction  of  his  voltaic 
cell  in  a  letter  to  Faraday,  which  was  published  in 
the  "Philosophical  Transactions"  for  1836.  The  fol- 
lowing quotation  was  taken  from  the  "Annals  of 
Electricity,"  published  in  London,  in  1837: 

"In  the  construction  of  this  battery,  I  have  availed 

Xaciftfon  myse^  °f  ^e  power  of  reducing  the  surface  of  the 

Su£tswi-"  £eneratinff  plates  to  a  minimum,  the  effective  surface 

taic  ceii.     0f  one  of  the  amalgamated  zinc  rods  being  less  than 

ten  square  inches,  while  the  internal  surface  of  the 

copper  cylinder  to  which  it  is  opposed  is  nearly 

seventy-two  inches.    My  principal  objects  have  bgen 

to  remove  out  of  the  circuit  the  oxide  of  zinc,  which 

has  been  proved  to  be  so  injurious  to  the  action  of 

the  common  battery,  as  fast  as  the  solution  is  formed, 

and  to  absorb  the  hydrogen  evolved  upon  the  copper 

without  the  precipitation  of  any  substance  which 

might  deteriorate  the  latter. 


THE   VOLTAIC   CELL  878 

"The  first  is  completely  effected  by  the  suspension 
of  1toe  rod  in  the  interior  membranous  cell,  into  which 
the  fresh  acidulated  water  is  allowed  slowly  to  drop 
from  a  funnel  suspended  over  it,  and  the  aperture 
of  which  is  adjusted  for  the  purpose;  while  the 
heavier  solution  of  the  oxide  is  withdrawn  from  the 
bottom  at  an  equal  rate  by  the  syphon  tube.  When 
both  the  exterior  and  interior  cavities  of  the  cell  were 
charged  with  the  same  diluted  acid,  and  connection 
made  between  the  zinc  and  copper  by  means  of  a  fine 
platinum  wire  1-200  of  an  inch  in  diameter,  I  found 
that  the  wire  became  red  hot,  and  that  the  wet  mem- 
brane presented  no  obstruction  to  the  passage  of  the 
current. 

"The  second  object  is  attained  by  charging  the  ex- 
terior spaoe  surrounding  the  membrane  with  a  sat- SSii{?slar" 
urated  solution  of  sulphate  of  copper  instead  of  di- avo,ded- 
luted  acid;  upon  completing  the  circuit  the  current 
passed  freely  through  this  solution;  no  hydrogen 
made  its  appearance  upon  the  conducting  plate,  but 
a  beautiful  pink  coating  of  pure  copper  was  precipi- 
tated upon  it,  and  thus  perpetually  renewed  its  sur- 
face. 

"When  the  whole  battery  was  properly  arranged  Actionof 
and  charged  in  this  manner,  no  evolution  of  gas  took  gjnieu 
place  from  the  generating  or  conducting  plates, 
either  before  or  after  the  connections  were  complete; 
but  when  a  voltameter  was  included  in  the  circuit,  its 
action  was  found  to  be  very  energetic.  It  was  also 
much  more  steady  and  permanent  than  that  of  the 
ordinary  battery ;  but  still  there  was  a  gradual,  but 
very  slow  decline,  which  I  traced  at  length  to  the 
weakening  of  the  saline  solution  by  the  precipitation 
of  the  copper,  and  the  consequent  decline  of  its  con- 
ducting power. 

"To  obviate  this  defect,  I  suspended  some  solid 
sulphate  of  copper  in  small  muslin  bags,  which  just 
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dipped  below  the  surface  of  the  solution  in  the  cylin- 
ders, which,  gradually  dissolving  as  the  precipitation 
proceeded,  kept  it  in  a  state  of  saturation.  This 
expedient  fully  answered  the  purpose,  and  I  found 
the  current  perfectly  steady  for  six  hours  together. 
This  arrangement  I  have  since  improved  by  placing 
the  salt  on  a  perforated  colander  of  copper  fixed  to 
the  upper  collar." 

Daniell's  voltaic  cell  was  found,  in  practice,  to 
give  considerable  trouble  from  the  metallic  copper 
being  deposited  not  only  over  the  surface  of  the  cop- 
per cylinder,  but  also,  at  times,  over  the  surface  of 
the  porous  cell,  thus  closing  some  of  the  pores  and 
greatly  increasing  the  resistance  of  the  cell.  More- 
over, the  use  of  the  unglazed  earthenware  to  keep 
the  two  fluids  apart,  is  open  to  the  objection  of 
greatly  increasing  the  resistance  of  the  cell.  In  1855, 
Varley  removed  both  of  these  objections,  by  doing 
away  entirely  with  the  porous  jar.  This  he  effected 
by  keeping  the  solutions  of  copper  sulphate  and  di- 
lute sulphuric  acid  separate  from  each  other  by 
means  of  their  different  densities.  Varley' s  cell  is 
called  the  gravity  cell,  and  has  practically  entirely  re- 
placed Daniell's  original  form. 

The  form  generally  given  to  the  gravity  voltaic 
variey's  cell  *s  shown  in  Fig.  126.  Here  the  two  elements  are 
ScVceTi vo1"  placed  one  over  the  other,  the  copper  element  at  the 
bottom  of  the  glass  jar,  where  it  is  surrounded  by 
crystals  of  copper  sulphate,  while  the  zinc  plate  is 
suspended  near  the  top  of  the  jar,  where  it  is  sur- 
rounded by  a  solution  of  zinc  sulphate  or  white 
vitriol.  This  latter  solution  is  so  much  lighter  than 
the  saturated  solution  of  copper  sulphate  that  it  will 
float  on  its  surface  as  oil  floats  on  water. 

In  starting  a  gravity  cell  it  is  customary  to  place 
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the  two  plates  in  their  proper  positions,  one  above 
the  other,  filling  the  jar  with  water,  and  throwing  in 
a  handful  of  crystals  of  copper  sulphate.     These, 
covering  the  bottom  of  the  plate,  soon  dissolve  and££J£y0i_ 
fill  the  bottom  of  the  jar  with  a  saturated  solution  of  2icuc^rte 
copper  sulphate,  care  being  taken  to  add  a  sufficient 8Urted- 
amount  of  crystals  of  copper  sulphate  to  keep  a  quan- 
tity of  undissolved  crystals  at  the  bottom  of  the  jar. 
If  the  cell  is  then  placed  on  short  circuit  for  a  while, 
it  will  soon  put  itself  in  running  order.    The  time 
required  to  do  this,  however,  is  much  shortened  by 
adding  a  small  quantity  of  solution  of  zinc  sulphate 


Fig.  ia6.— The  Gravity  Voltaic  Cell.    Note  the  relative  position  of  the  plates, 
the  zinc  plate  being  above  the  copper  plate. 

or  a  little  sulphuric  acid  to  the  water.  Under  these 
circumstances  the  cell  is  almost  immediately  ready 
for  action. 

The  gravity  voltaic  cell  must  be  kept  in  constant 
action  in  order  to  prevent  the  two  liquids  from  mix-  J^ffS^ 
ing  by  diffusion,  a  process  by  means  of  which  heavy  £J£  * 
liquids  can  rise  through  light  ones  and  light  liq-  c!SSlncir" 
uids  descend  through  heavy  ones,  until  they  areJ^Sf. 
thoroughly  intermixed.    While  a  gravity  cell  is  pro-  SwU^i 
ducing  current,  the  copper  sulphate  is  changed  tooJJJJSi? 
rapidly   into   zinc   sulphate  to  be  able  to  diffuse 
throughout  the  zinc  sulphate  solution.     A  gravity 
cell  in  proper  action  shows  a  sharply  marked  level 


Vscot 
solid  de- 


BLECTBICITT  TS    FIVERY-BAY   LIFE 

surface  of  blue  copper  sulphate  solution,  on  the  top 
of  which  rests  the  clear  solution  of  zinc  sulphate. 

In  some  voltaic  cells,  where  chemical  action  is  em- 
ployed to  prevent  polarization,  instead  of  using  an 
additional  fluid  to  oxidize  the  hydrogen  that  tends  to 
be  liberated  at  the  surface  of  the  plate  connected 
with  the' positive  electrode,  some  solid  depolarizer, 
such  as  black  oxide  of  manganese,  or,  as  it  is  called 
in  chemistry,  binoxide  of  manganese,  is  employed. 
Oxide  of  copper,  or,  as  it  is  called  in  chemistry,  cop- 
per oxide,  is  also  sometimes  employed  for  the  same 
purpose. 

The  Leclanche  voltaic  cell  is  an  example  of  a  well- 


— TbeLacUoche  Voltaic  Cell.    The  lop  of 


known  form  of  cell  employing  a  solid  depolarizer. 
A  Leclanche  cell  is  shown  in  Fig.  127.  Here  a  zinc- 
carbon  couple  is  employed.  The  carbon  element  con- 
sists of  a  carbon  plate  placed  in  a  porous  cell,  and 
surrounded  by  a  mass  of  thoroughly  mixed,  finely 
divided  carbon  and  black  oxide  of  manganese.  This 
mass  is  thoroughly  packed  into  the  porous  cell,  so 
as  to  ensure  good  electrical  contact  with  the  carbon. 
By  these  means  we  obtain  an  extended  surface  of 
carbon  closely  surrounded  by  a  solid  depolarizer  of 
black  oxide  of  manganese.     The  zinc  is  placed  in 
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the  form  of  a  small  rod  in  the  outer  cell.  The  Le- 
clanche cell  gives  an  electro-motive  force  of  1.74 
volts. 

The  Leclanche  cell  rapidly  polarizes,  and  can  not, 
therefore,  be  employed  for  any  electric  work  that  re- 
quires a  continued  current.  For  ringing  electric  bells,  L«Sichc 
setting  signals,  or  for  similar  work  that  requires  SlpiSJSd. 
only  a  momentary  current,  it  answers  excellently, 
and  is  very  extensively  employed,  since  the  compara- 
tively long  intervals  of  rest,  which  the  cell  has  be- 
tween the  times  when  it  furnishes  current,  enable  it 
to  thoroughly  depolarize. 

J.  A.  Barrett,  in  an  article  in  the  "Electrical 
World,"  of  February,  1890,  calls  attention  to  the 
fact  that  in  a  Leclanche  cell,  the  life  of  the  negative  the  ^42- 
element  is  commonly  supposed  to  be  determined  byufeofa  c 
the  amount  of  black  oxide  of  manganese  associated voitakceii. 
with  the  carbon  plate.  He  claims  that  long  before 
the  active  oxygen  in  this  manganese  is  exhausted, 
the  element  is  generally  thrown  away  as  useless, 
chiefly  because  the  various  compounds  of  zinc,  accu- 
mulated in  the  porous  cell,  are  insoluble  in  the  scanty 
liquid  existing  therein,  and  have  therefore  caused 
an  increased  resistance  of  the  cell.  It  is,  therefore, 
important  to  bear  in  mind  that,  frequently,  an  ap- 
parently exhausted  Leclanche  cell  can  be  made  to 
continue  to  furnish  a  working  current  by  carefully 
washing  it  in  dilute  muriatic  or  hydrochloric  acid, 
and  then  setting  up  the  cell  with  a  fresh  charge  of 
sal-ammoniac.  In  other  words,  employ  at  the  outset 
a  larger  containing  glass  jar,  in  which,  consequently, 
a  greater  amount  of  liquid  can  be  placed,  and  there 
will  result  an  increased  life  of  the  cell. 

Another  form  of  voltaic  cell  employing  a  solid  de- 
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polarizer  is  the  Edison-Lalande  celt.  Such  a  cell  is 
shown  in  Fig.  128.  It  consists  of  a  zinc-copper 
couple.    The  copper  is  covered  with  a  layer  of  com- 

""  pressed  copper  oxide.    The  zinc  is  generally  placed 

ntuknn.  jn  tj,e  gjjape  0f  fwQ  plates  on  each  side  of  the  cop- 
per plate.  The  electrolyte  is  a  solution  of  caustic 
potash  or  caustic  soda,  dissolved  in  water.  In  or- 
der to  prevent  the  carbonic  acid  of  the  atmosphere 
from  .entering  into  combination  with  the  potash  or 
soda,  which  would  thus  injuriously  affect  the  action 
of  the  cell,  a  layer  of  paraffihe  oil  is  allowed  to  float 
on  the  upper  surface  of  the  alkaline  solution.    Dur- 


P10.  ia». —The  Ediaon-LaUnde  Voltaic  Cell. 

ing  action  the  zinc  is  dissolved  irr  the  alkaline  liquid, 
and  the  copper  oxide  is  reduced  to  metallic  copper  by 
the  liberated  hydrogen.  The  electro-motive  force 
of  this  cell  is  about  2-3  of  a  volt. 

When  a  voltaic  celt  is  constructed  so  as  to  give  a 
constant  electro-motive  force,  it  is  frequently  em- 
ployed as  a  standard,  by  means  of  which  the  value  of 
an  unknown  electro-motive  force  can  be  readily  de- 
termined. When  so  employed,  such  cells  are  called 
standard  voltaic  cells.  There  are  several  well-known 
forms  of  standard  voltaic  cells,  but  a  description  of 
two  of  the  commonest  forms  will  suffice.  One  of  the 
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most  accurate  is,  perhaps,  Rayleigh's  modification  of 
Clarke's  standard  voltaic  cell.    It  consists  of  a  zinc- 
mercury  couple.    The  positive  electrode  is  connected 
with  a  mass  of  pure  mercury,  Hg,  covered  by  a  paste, 
made  by  boiling  mercurous  sulphate  in  a  saturated  £Si§c£'s 
solution  of  zinc  sulphate.    The  negative  pole  or  elee-  <*£££*, 
trode  consists  of  a  piece  of  pure  zinc,  Zn,  resting  on  vSu^u 
this  paste.  Since  no  hydrogen  is  liberated  during  the 
action  of  this  cell,  it  can  be  tightly  sealed  in  a  glass 
tube.     The  general  arrangement  of  a  Rayleigh's 
standard  cell  is  shown  in  Fig.  129.    The  mercury  is 


Fig.  199.— Rayleigh't  modification  of  Clarke's  Standard  Voltaic  Cell. 


placed  at  the  bottom  of  the  glass  tube,  and  on  its 
upper  surface  is  placed  a  paste  of  mercurous  sulphate 
mixed  with  a  sufficient  quantity  of  solution  of  zinc 
sulphate  to  render  it  semi-fluid.  The  zinc  is  at- 
tached to  the  upper  part  of  the  tube,  and  immersed 
in  the  same  fluid  paste.  Silver  wires  connecting  the 
mercury  and  the  zinc  pass  respectively  through  the 
bottom  and  the  top  of  the  tube,  and  form  the  elec- 
trodes or  terminals  of  the  cell.  This  cell  gives  an 
electro-motive  force  of,  approximately,  1.436  volts. 
The  value  of  this  electro-motive  force,  however, 
changes  with  the  temperature,  so  that  corrections 
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must  be  made  for  the  different  temperatures  at  which 
the  cell  is  employed  as  a  standard. 

A  simpler  form  of  a  standard  voltaic  cell,  known 

2£3iu58  as  Fleming's  standard  cell,  is  shown  in  Fig.  130. 

voiuic  ceii.  This  is  a  modified  form  of  Daniell's  cell,  so  arranged 

that  rods  of  pure  zinc  and  copper  can  be  immersed 


Fig.  130.— Fleming's  Standard  Voltaic  Cell.  Note  that  this  it  merely  a 
Daniell's  cell,  so  arranged  as  to  obtain  the  B.M.P.  resulting  from  a  sine-copper 
couple  immersed  in  solutions  of  zinc  and  copper  sulphate  respectively. 

respectively  in  pure  solutions  of  zinc  sulphate  and 
copper  sulphate.  The  zinc  and  copper  elements  in 
the  shape  of  rods,  are  placed  at  P  and  Q,  respec- 
tively, in  the  branches  of  a  U-shaped  glass  tube 
connected,  as  shown,  with  reservoirs  containing 
solutions  of  zinc  sulphate  and  copper  sulphate.    The 
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solution  of  copper  sulphate  is  diluted  with  sufficient 
water  to  render  it  less  dense  than  the  saturated  so- 
lution of  zinc  sulphate  employed.  The  operation  of 
the  cell  is  as  follows : 

The  tap,  A,  is  open,  and  the  whole  U-shaped  tube  is 
filled  with  a  dense  solution  of  zinc  sulphate.  The  zinc 
rod  is  then  inserted,  and  the  rubber  cork  connected 
with  it  tightly  inserted  in  the  tube.    A  tap  at  C  is 
now  opened,  and  the  liquid  runs  out  of  the  right-  %*£*% 
hand  tube,  but  remains  in  the  left-hand  tube  because  SSdSf* 
it  is  tightly  closed.    As  the  level  sinks  in  the  right-vohaic  cdL 
hand  tube,  the  tap,  B,  is  slowly  opened,  and  the  cop- 
per sulphate  allowed  to  flow  gently  into  the  right- 
hand  tube.    With  care  this  can  be  effected  so  that  a 
sharp  line  of  separation  marks  the  two  solutions. 
When  this  is  obtained,  the  copper  rod  is  inserted, 
and  the  cork,  Q,  connected  with  it,  tightly  fitted  in     N 
the  tube.    In  this  manner  two  chemically  pure  rods 
of  zinc  and  copper,  immersed  respectively  in  pure 
solutions  of  zinc  sulphate  and  copper  sulphate,  can  be 
obtained,  so  that  the  electro-motive  force  the  cell 
produces  at  different  times  is  constant,  provided  al- 
lowances are  made  for  the  temperature. 

Great  care  is  necessary  to  keep  the  surfaces  of  the 
zinc  and  the  copper  rods  clean.  Chemically  pure 
zinc  only  is  used,  and  its  surface  is  kept  clean  by 
careful  polishing,  while  the  copper  rod  has,  at  fre- 
quent intervals,  a  fresh  coating  of  metallic  copper 
deposited  on  it  by  chemical  means.  The  electro- 
motive force  of  this  cell  is  1.074  volts.  The  electro-  FieminVi 
motive  force  decreases  as  the  temperature  rises,  the 
decrease  being  about  .08  per  cent  for  each  degree  of 
the  Centigrade  scale;  therefore,  a  correction  must 
be  made  for  the  temperature  at  which  the  cell  is 
used. 
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Attempts  have  been  made  to  so  improve  the  effi- 
ciency and  economy  of  voltaic  cells  as  to  render  it 
possible  for  them  to  furnish  electric  current  cheaper 
Siior  than  can  a  dynamo  electric  machine  driven  by  a 
wS?"  steam  engine.  A  little  consideration,  however,  will 
eJStric0"  show  the  improbability  of  success  in  such  attempts, 
machines.    jn  tke  ordinary  voltaic  cell  the  energy  required  to 

maintain  the  electric  current  is  derived  from  the 
burning  or  consumption  of  the  zinc  in  the  sulphuric 
acid  or  chromic  acid  in  which  it  is  dipped.  The 
chemical  combination  or  consumption  of  the  zinc  in 
these  acids  is  similar  to  the  burning  or  consump- 
tion of  the  carbon  of  the  coal  in  the  air.  Now  it 
can  be  shown  that  the  burning  of  a  ton  of  zinc  in 
acid  will  liberate  only  about  one-sixth  the  energy 
liberated  by  the  burning  of  a  ton  of  coal  in  air.  But 
since  zinc  is  very  much  more  expensive  than  coal, 
and  sulphuric  acid  or  chromic  acid  very  much 
dearer  than  air,  it  will  be  seen  that  the  voltaic  cell, 
as  at  present  constructed,  can  never  be  able  to  com- 
pete commercially,  in  the  production  of  electricity, 
with  a  steam-driven  dynamo. 
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CHAPTER  XXIV 

OHM'S    LAW — VOLTAIC    BATTERIES 

"When  a  current  is  produced  in  a  conductor  by  an  E.M.F., 
the  ratio  of  the  E.M.F.  to  the  current  »  independent  of  the 
strength  of  the  current,  and  is  called  the  resistance  of  the  con- 
ductor."—Dr.  G.  S.  Ohm,  1827 

THE  comparatively  low  electro-motiye  forces 
produced  by  voltaic  cells  frequently  render 
it  necessary  to  combine  them  in  various 
ways,  so  that  a  number  of  separate  cells  can  act  as  a 
single  cell.  Such  combinations,  as  already  stated, 
are  termed  voltaic  batteries.  Before  entering  into  a  !»£«*» 
study  of  voltaic  batteries,  it  will  be  necessary  to  give 
some  little  attention  to  a  very  important  law,  known 
in  electrical  science  as  Ohm's  law. 

In  1827,  Dr.  G.  S.  Ohm,  of  Germany,  made  a  re- 
markable mathematical  discovery  regarding  the  law 
in  accordance  with  which  the  amount  of  electricity  dweovenr ' 

of  in  1S97. 

that  flows  through  a  circuit  in  a  given  time,  can  be 
readily  calculated.  This  law  is  of  great  impor- 
tance to  electric  science.  It  is  by  no  means  dif- 
ficult to  understand  it  if  some  little  thought  is  given 
to  the  subject.  We  shall,  therefore,  endeavor  to 
make  it  clear,  since  its  understanding  renders  many 
things  in  electricity  easy  to  be  comprehended. 

As  we  have  seen,  it  is  not  electricity,  but  an  elec- 
tro-motive force,  that  is  produced  by  any  electric 
source.    This  E.M.F.  sets  electricity  in  motion.  We 


sources. 
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have  also  seen  that  in  any  conducting  path  or  circuit, 
r.m.f/8  even  when  such  path  is  composed  of  good  conductors 
Serfricity  of  electricity,  there  is  always  an  electric  resistance 
G^teSric  offered  to  the  passage  or  flow  of  a  current  of  elec- 
tricity. Now,  Ohm's  law  explains  how  it  is  pos- 
sible, in  a  simple  manner,  to  calculate  the  value  of 
the  current  or  flow  which  will  take  place  in  any  cir- 
cuit, provided  we  know  the  E.M.F.  that  is  acting  on 
that  circuit,  and  the  electric  resistance  that  opposes 
the  flow  of  electricity ;  for,  if  we  simply  divide  the 
value  of  the  E.  M.  F.  by  the  electric  resistance  we 
obtain  the  value  of  the  resulting  current. 


Ohm's  law 


We  have  also  given  some  little  account  of  the 
practical  electrical  units,  and  have  defined  the  fol- 
*Sirticir  l°w*ng:  v*z->  ^e  volt,  or  the  practical  unit  of 
uSufic  E.M.F. ;  the  ampere,  or  the  practical  unit  of  electric 
current ;  the  ohm,  or  the  practical  unit  of  electric  re- 
sistance; the  coulomb,  or  the  practical  unit  of  elec- 
tric quantity ;  and  the  farad,  or  the  practical  unit  of 
electric  capacity. 

Now,  bearing  in  mind  the  meanings  and  values  of 

these  various  units,  Ohm's  law  may  be  simply  stated 

concise      as  follows :  That  when  the  electric  current  continues 

of  <>£?■    to  flow  in  one  and  the  same  direction,  and  does  not 

raw 

alternate,  or  rapidly  change  its  direction,  the  strength 
of  the  current  that  flows  in  the  circuit,  expressed  in 
amperes,  is  equal  to  the  E.M.F.  acting  on  that  cir- 
cuit, expressed  in  volts,  divided  by  the  electric  re- 
sistance of  that  circuit,  expressed  in  ohms ;  or,  more 
simply,  the  amperes  in  any  circuit  are  equal  to  the 
volts  divided  by  the  ohms.  This  is  sometimes,  for 
the  sake  of  convenience,  expressed  in  the  form  of  a 
simple  equation,  as  follows: 

volts 

amperes  — ; 

ohms 
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which  is  simply  a  mathematical  way  of  expressing 
the  fact  that  the  amperes  are  equal  to  the  volts  di- 
vided by  the  ohms. 

It  is  easy,  from  this  simple  expression,  to  see  the 
relations  existing  between  the  different  practical 
electric  units ;  for  example,  an  ampere  is  equal  to  the^SS^ 
current  that  will  pass  through  an  electric  circuit  gSS?1 
whose  resistance  is  one  ohm,  when  acted  on  by  anffffifc 
electro-motive  force  of  one  volt.    Similarly,  a  volt0hm,i,aw• 
is  the  electro-motive  force  required  to  act  on  a  cir- 
cuit whose  resistance  is  one  ohm,  in  order  to  pass  one 
ampere  of  current  through  it ;  and,  similarly,  an  ohm 
is  such  a  resistance  as  will  limit  the  flow  of  elec- 
tricity through  a  circuit  to  one  ampere,  when  such  a 
circuit  is  acted  on  by  an  electro-motive  force  of  one 
volt. 

The  flow  of  electricity  through  a  conductor  under 
the  influence  of  an  E.M.F.,  and  against  the  resistance 
of  the  conductor,  is  analogous  to  the  flow  of  water  b£tm£* 
or  other  liquid  through  a  pipe  from  a  reservoir.  wau?fand 
Here  the  reservoir  is  analogous  to  the  electric  source.  fiStSc*?. 
If  the  water  flows  out  of  the  reservoir  it  -is  necessary 
that  some  pressure  act  on  it    If  an  opening  be  made 
in  the  side  of  a  reservoir  filled  with  water,  say  near 
the  bottom,  the  water  will  escape  and  flow  out  of  the 
opening  by  reason  of  the  pressure.    The  pressure, 
which  sets  the  water  in  motion,  may  be  called  theSS?* 
water-motive  force,  that  is,  the  water  moving  force.  SUSS* 
The  quantity  of  water  which  escapes  in  a  given  time  £££* 
will  depend  on  the  amount  of  this  pressure,  and  on 
the  size  of  the  opening  through  which  water  escapes ; 
or,  what  amounts  to  the  same  thing,  on  the  resistance 
offered  to  its  escape  or  flow  from  the  reservoir.   .We 
may  say,  in  this  case,  that  the  value  of  the  water 
current  can  be  determined  by  dividing  the  water- 
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motive  force  by  the  resistance  offered  to  its  escape, 
provided  these  values  are  properly  expressed.  The 
current  of  water  which  flows  through  the  opening 
can  be  expressed  by  the  amount  or  quantity  which 
passes  through  it  in  a  given  time,  say  in  one  second. 

Now,  in  the  case  of  the  electric  flow,  the  electric 
pressure,  or  the  electro-motive  force,  which  sets  the 
electricity  in  motion,  corresponds  to  the  pressure, 
or  water-motive  force,  which  sets  the  water  in  mo- 
tion. The  resistance  which  opposes  the  motion  of 
the  electricity  through  a  conductor  varies  with  its 
length  and  area  of  cross-section.  The  resistance 
which  opposes  the  flow  of  water  through  a  pipe 
varies  with  the  size  of  the  pipe,  and  the  character 
of  its  construction,  as  to  whether  the  inside  be 
smooth  or  roughened,  etc.  In  the  case  of  the  electric 
flow,  a  greater  amount  of  electricity  per  second  will 
pass  through  a  copper  wire  of  a  given  area  of  cross- 
section  and  length,  than  will  flow  through  an  iron 
wire  of  equal  cross-section  and  length.  The  same 
thing  is  true  in  the  case  of  a  water  flow :  more  liquid 
will  run  out  of  an  opening  when  the  resistances  tend- 
ing to  oppose  such  flow  are  small,  than  will  escape 
from  an  equally  large  opening  under  circumstances 
where  the  resistances  tending  to  oppose  its  passage 
are  great. 

Just  as,  in  electricity,  the  ampere  may  be  regarded 
as  the  rate  of  flow,  or  the  rate  at  which  electricity 
e^udtolhe passes  through  an  electric  circuit,  so  in  a  water  cir- 
cuit, the  rate  of  flow  of  water  can  be  similarly  esti- 
mated. In  the  electric  circuit  we  may  define  the 
ampere  as  that  current  which  will  transmit  electric- 
ity at  the  rate  of  one  coulomb  per  second;  so  in  a 
water  circuit  we  may  define  the  unit  of  current  to  be 
a  current  which  will  represent  the  passage  of  so 
many  cubic  feet  of  water  per  second. 


Circum- 
stances 
affecting 
value  of 
the  flow. 


passage  of 
one  cou- 
lomb 


secon< 
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Electric  conductors  are  generally  made  in  the  form 
of  cylindrical  wires,   that  is,  wires  with  circular 
areas  of  cross-section.    It  will  not  be  amiss  here  to 
review  the  three  circumstances  upon  which  the  re- 
sistance of  a  conductor  or  a  wire  depends :  viz.,  on  itsCircum- 
length,  the  greater  the  length,  the  greater  the  re-JSSSJg 
sistance ;  on  its  area  of  cross-section,  the  greater  the  rJSItSce*0 
area  of  cross-section  the  less  the  resistance;  and  on ?oi5!>oduc" 
the  character  of  the  material  of  which  the  wire  or 
material  is  formed,  copper  being  a  much  better  con- 
ductor than  iron,  and  iron  a  better  conductor  than 
lead.     For  example,  if  the  resistance  of  a  given 
length  of  copper  wire  of  a  given  area  of  cross-sec- 
tion be  96,  then  a  wire  of  the  same  length  and  area 
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Fig,  131.— Determination  of  the  current  strength  in  an  electric  curcuit. 

of  cross-section,  if  of  gold,  would  be  74 ;  if  of  soft 
iron,  16;  of  platinum,  8;  of  German  silver,  7.5; 
and  of  pure  mercury,  1.6. 

In  order  to  show  the  application  of  Ohm's  law  to 
a  simple  case,  let  us  suppose  that  a  certain  electro- 
receptive  device — i.e.,  a  device  through  which  current 
passes,  and  in  which  it  produces  some  characteristic 
effect,  such,  for  example,  as  heat,  light  or  magnet- 
ism— is  placed,  as  shown  in  Fig.  131,  in  a  circuit  con- 
nected by  means  of  conducting  wires  or  leads  C,  C, 
with  an  electric  source  at  r.  Suppose,  moreover, 
that  this  source  has  an  electro-motive  force  of  three 
volts,  and  that  the  resistance  of  the  source  itself  is 
one  ohm,  that  of  the  conductors  one  ohm,  and  that 
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of  the  receptive  device,  f",  one  ohm.  Then,  accord- 
ing to  Ohm's  law,  the  current  strength  passing 
through  such  circuit  would  be  equal  to 


amperes- 


or  the  current  strength  is  equal  to  one  ampere. 
Consequently,  the  receptive  device  will  be  operated 
by  reason  of  its  receiving  every  second  an  amount  of 
electricity  equal  to  one  coulomb. 

We  are  now  ready  to  see  what  effect  will  be  pro- 
duced by  joining  a  number  of  separate  voltaic  cells 


into  a  single  cell  or  battery.  Suppose,  for  example, 
we  desire  to  increase  the  strength  of  the  current 
which  can  be  produced  by  a  number  of  separate  vol- 
taic cells.  It  is  evident  that,  in  order  to  do  this,  we 
must  either  increase  the  electro-motive  force  of  the 
battery,  or  decrease  its  resistance.  Now,  necessarily, 
the  E.M.F.  of  any  voltaic  cell  does  not  depend  on 
the  size  of  the  plates,  but  only  on  the  character  of 
the  metals  or  other  substances  employed  in  the  vol- 
taic couple,  as  well  as  on  the  character  of  the  electro- 
lyte into  which  these  elements  are  dipped.  Conse- 
quently, the  only  way  we  can  increase  the  E.M.F. 
of  a  battery,  the  character  of  whose  cells  has  already 
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been  determined,  is  to  so  join  or  connect  these  sep- 
arate cells  that  the  electro-motive  force  produced  by 
each  may  be  added.  This  is  done  by  means  of  what 
is  generally  called  connection  in  series ;  i.e.,  to  con- 
nect the  positive,  +,  or  plus  pole  of  one  cell  with  the 
negative,  — ,  or  minus  pole  of  the  next  cell,  the  posi- 
tive pole  of  this  cell  with  the  negative  pole  of  the 
third  cell,  and  so  on  with  all  the  cells  that  are  to  be 
joined  in  the  single  battery.  Such  a  connection  is 
shown  in  Fig.  132,  where  three  separate  gravity 
voltaic  cells  are  connected  in  series.  Such  a  combina- 
tion forms  what  is  called  a  series-connected  voltaic 


Fig.  153.  —  Battery  of  two  Kriet-cooaected  Duiell  Voltaic  Cell*.  Note 
that  ben  both  the  retittuce  and  the  E.M.F.  of  the  battery  ii  twice  that  of 
>  dngle  cell. 

battery.  Here  the  terminals  or  poles  of  the  battery 
consist  of  the  free  or  unconnected  poles  or  terminals 
of  the  first  and  the  last  cell. 

The  E.M.F.  of  the  preceding  series-connected  bat- 
tery will  be  three  times  as  great  as  the  E.M.F.  of  any 
single  cell.  If,  therefore,  each  cell  produces  an  elec- 
tro-motive force  of  say  1.072  volts,  the  electro-motive  TheiLM.F. 
force  of  the  battery  will  be  three  times  as  great,  oran«o( 
3.216  volts.  The  resistance  of  the  battery  will,  how-, 
ever,  be  three  times  the  resistance  of  a  single  cell,  so 
that,  if  the  resistance  of  one  cell  be  one  ohm,  that  of 
the  three  cells  will  be  three  ohms. 
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In  Fig.  133,  is  shown  the  series-connected  battery, 
consisting  of  two  Daniell's  ceils,  where  the  zinc  of 
the  cell  on  the  right-hand  side  of  the  figure  is  seen 
connected  with  the  carbon  of  the  cell  on  the  left-hand 
side,  the  terminals  of  the  battery  being  the  uncon- 
nected ends  or  terminals ;  viz.,  the  negative  pole  be- 
ing connected  with  the  zinc  plate,  and  the  positive 
pole  being  connected  with  the  carbon  plate. 

It  will  be  remembered  that  Volta's  original  pile 
consisted  of  a  series-connected  battery,  in  which 
many  separate  cells  were  so  piled  on  one  another  as 


€u  Zn  Cm,  Z* 

Fia  133A.  —  Series-Connected  Battery  consisting  of  four  separate  Series- 
Connected  Batteries. 


Volta's 

original 

pilei 

connected 

battery. 


to  obtain  a  total  electro-motive  force  equal  to  the 
E.M.F/s  of  all  the  separate  cells  added  together. 
Sometimes  the  series  he  built  up  in  this  way,  in  or- 
der to  obtain  sufficiently  high  electro-motive  forces, 
rendered  the  pile  inconveniently  high,  and  also  pos- 
sessed the  objectionable  feature  of  causing  the  liquid 
with  which  the  disks  of  cloth  were  moistened,  to  be 
squeezed  out  by  the  excessive  weight  upon  them.  In 
such  cases  he  formed  the  pile  in  a  number  of  separate 
piles ;  for  example,  in  the  case  shown  in  Fig.  i33Af 
into  four  separate  piles.  Suppose,  for  example,  in  this 
figure,  that  the  piles  represented  consist  of  zinc-cop- 
per couples,  and  that  the  pile  A  ends  at  the  bottom 
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with  a  copper  plate  and  zinc  at  the  top ;  that  the  pile 
B  terminates  with  zinc  at  the  bottom  and  copper  at 
the  top;  that  the  pile  C  terminates  with  zinc  at  the 
top  and  copper  at  the  bottom ;  and  that  the  pile  D  ter-  £££, 
minates  with  zinc  at  the  bottom  and  copper  at  theS^ 
top.  Then,  if  these  four  separate  piles  be  connected™, 
by  conductors,  as  indicated :  viz.,  a  conductor  joining 
A  and  B  at  the  bottom,  B  and  C  at  the  top,  and  C 
and  D  at  the  bottom,  the  four  separate  piles  will  form 


k1  battery  of  fifteen 


a  series-connected  battery,  of  which  the  free  termi- 
nals, A  and  D,  will  be  respectively  the  negative  and 
the  positive  poles. 

Another  form  given  by  Volta  to  series-connected 
cells  or  batteries  is  shown  in  Fig.  134.  This  form 
was  called  by  Volta,  "The  crown  of  cups."  Here  a?™ 
number  of  zinc-copper  couples,  dipped  in  dilute  sul-cup"' 
phuric  acid,  are  connected  separately  in  series  by 
joining  the  zinc  of  each  cell  to  the  copper  of  the  ad- 
joining cell.  As  before,  the  terminals  connected  with 
the  zinc  and  copper  form  respectively  the  poles  or 
electrodes  of  the  battery. 
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An  early  form  of  voltaic  battery,  called  the  trough 
battery,  is  shown  in  Fig.  135.  This  battery,  devised 
by  Dr.  Wollaston,  consists  of  a  number  of  separate 
'*  elements  of  zinc  and  copper,  suitably  connected  in 
series,  and  so  mounted  in  a  wooden  frame  as  to  be 
capable  of  being1  readily  lowered  into  cups  contain- 
ing the  electrolyte.  Mere  the  copper  is  placed  on 
both  sides  of  the  zinc  plate,  so  as  to  lower  the  resist- 
ance of  the  cell. 

But  the  current  supplied  by  a  voltaic  cell  can  also 
be  increased  by  decreasing  the  resistance  of  the  cell. 


Pw.  ijj.-  Wollasion'i  Trough  Batteiy  of  Pour  Separate  Voltaic  Cclla. 

This  can  be  done  in  several  ways.    The  plates  may 

be  brought  nearer  together,  thus  diminishing  the 

it  of  length  of  the  column  of  liquid  through  which  the 

=&  current  must  pass  from  one  plate  to  the  other.    This 

«c    method  of  decreasing  the  resistance  of  a  cell  can  not 

be  carried  very  far,  since  the  small  quantity  of  liquid 

existing  between  the  plates  will  rapidly  be  weakened 

by  decomposition,  so  that,  unless  great  care  be  taken 

to  maintain  an  active  circulation  of  the  electrolyte 

through  the  cell,  it  will  result  in  rapidly  decreasing 

the  strength  of  the  current. 

Another  way  to  decrease  the  resistance  of  a  vol- 
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taic  ceil  is  to  increase  the  size  of  its  plates,  or,  in 
other  words,  to  increase  the  area  of  cross-section,  SSl^d™y 
and  thus  increase  the  area  of  cross-section  of  theJSSKS1" 
mass  of  liquid  between  the  plates.     One  method  of  Jj£^°f 
doing  this  is  to  place  one  of  the  plates  on  both  sides 
of  the  other,  as  it  will  be  seen  has  been  done  by 
Dr.  Wollaston  in  the  plunge  battery  represented  in 
Fig.  135- 

But  the  size  and  the  character  of  the  plates  of  a 
voltaic  cell  being  once  fixed,  it  is,  nevertheless,  still 
possible  to  so  connect  them  with  one  another  as  to 
increase  the  area  of  cross-section  of  the  plates,  and 
thus  decrease  the  resistance  of  the  battery.    This  is 


Fiq.  136,— Baiiery  of  three  Multiple-Connected  Bunien  Voltaic  Cells. 

accomplished  by  what  is  generally  called  connection 
in  multiple,  or  multiple  arc    This  connection  is  ef- 
fected by  connecting  all  the  positive  plates  of  a  num- 
ber of  separate  cells  together,  so  as  to  form  a  single  connection 
positive  plate,  whose  area  is  equal  to  the  sum  of  ""'.in 
the  areas  of  the  separate  plates,  and  similarly  con-crmuinpie- 
necting  all  the  negative  plates  together  to  form  a  sin-  '"ies. 
gle  negative  plate,  whose  area  is  equal  to  the  sum  of 
all  the  separate  plates.    Such  a  connection  is  shown 
in  Fig.  136,  where  three  Bunsen  cells  are  connected 
in  multiple  arc    Here  three  separate  carbons  are  con- 
nected together  to  form  a  single  positive  pole  at  A, 
and  the  three  zincs  are  similarly  joined  together  to 
form  a  negative  pole  at  B.    In  a  multiple-connected 
voltaic  battery  the  electro-motive  force  is  equal  to 
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the  electro-motive  force  of  a  single  voltaic  cell,  but 
the  electric  resistance  is  but  one-third  the  resistance 
raSatuuM^rf  a  single  cell;  since,  here,  the  effective  area  of 
tiS^iST  cross-section  of  the  plates  is  increased  threefold, 
t£ttSSe«.    thereby  reducing  the  resistance  of  the  cell  to  one- 
third    its   original    resistance.      If,    therefore,    the 
E.M.F.  of  the  single  cell  be  1.96  volts  and  the  resist- 
ance of  each  cell  be  one  ohm,  then  the  E.M.F.  of  the 
battery  will  still  be  1.96  volts,  but  the  resistance  will 
be  only  one-third  of  an  ohm. 

The  difference  between  the  series  and  the  multi- 
ple connection  of  voltaic  cells  may,  perhaps,  be  bet- 


Seriesand 


Fig.  137.— Series  and  Multiple-Connected  Voltaic  Batteries  of  Six  Separate 
Cells.  Note  that  in  the  upper  row  both  the  E.M.F.  and  the  resistance  of  the 
battery  have  six  times  the  value  of  a  single  cell,  while  in  the  lower  row  the 
B.M.F.  of  the  battery  is  the  same  as  that  of  a  single  cell,  while  the  resistance 
is  only  one-sixth  as  great. 

ter  understood  from  an  inspection  of  Fig.  137.  Here, 
at  the  top  of  the  figure  are  shown  six  series-con- 
muitipiT"  nected  voltaic  cells.  By  joining  the  positive  pole  of 
"  each  cell  to  the  negative  pole  of  the  succeeding  cell, 
the  unconnected  positive  and  negative  poles  at  the 
ends  form  the  poles  or  electrodes  of  the  series  con- 
nection. At  the  bottom  of  the  same  figure  are  rep- 
resented six  separate  cells  of  the  same  type  as  the 
former,  connected  in  multiple  arc.  Here  all  the 
separate  positive  poles  are  connected  to  a  single  post- 
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tive  lead  or  conductor,  and  all  the  negative  poles 
similarly  connected  to  another  single  negative  lead 
or  conductor.  The  series  connection  was  formerly 
called  a  connection  for  intensity,  and  the  multiple 
connection,  a  connection  for  quantity,  thus  indicat- 
ing that  the  former  connection  gave  high  electro- 
motive forces,  and  the  latter  a  greater  quantity  of 
current.  These  terms,  however,  are  now  entirely 
out  of  use. 

It  is  sometimes  necessary  to  increase  both  the 
E.M.F.  and  the  current  strength  of  voltaic  cells,  multiple 

°  connected 

This  is  accomplished  by  combining  both  series  and™**** 
multiple  connection,  as  shown  in  Fig.  138,  where  the 


Pig.  138.— Series-Multiple  Connected  Battery  of  Six  Voltaic  Cell*. 

same  six  cells  shown  in  Fig.  137,  are  connected  in 
what  is  called  multiple-series.  This  connection,  as 
the  name  indicates,  is  a  connection  that  partakes  both 
of  the  series  and  multiple  connection.  As  an  inspec- 
tion of  the  figure  will  show,  there  are  three  separate 
groups  formed  of  two  series-connected  cells,  which 
are  subsequently  connected  in  multiple  arc.  The 
E.M.F.  of  such  a  battery  is  twice  the  E.M.F.  of  a 
single  cell,  but  its  resistance  is  only  one-third  of  that 
of  a  single  cell. 

At  the  present  time  extensive  combinations  of  a 
number  of  separate  voltaic  cells  into  series-multiple,  Voltaic 
or  multiple-series  batteries,  are  unnecessary,  fromj£££jjfdsby 
the  fact  that  dynamo  electric  machines  are  capable  ^SSSE*" 
of  producing  powerful  electric  currents  much  morem?cbincs- 
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readily  and  far  more  cheaply  than  can  be  done  by 
any  voltaic  battery  now  known. 

Any  other  electric  sources  besides  voltaic  cells, 
can  be  similarly  connected  in  series,  multiple,  series- 
multiple,  or  multiple-series.  The  same  can  also  be 
done  with  electro-receptive  devices,  such  as  electric 
lamps,  heaters,  etc. 

As  an  example  of  a  large  voltaic  battery  employed 
during  the  early  times  of  electrical  science,  we  will 
briefly  describe  a  type  of  battery  invented  by  Dr. 
Trot  ecu!*0  Callan.  This  battery  gave  very  powerful  effects,  but 
was  extremely  difficult  to  keep  in  good  order,  and  re- 
quired considerable  skill  in  setting  it  up.  The  voltaic 
couple  in  each  cell  consisted  of  zinc  and  cast-iron, 
the  zinc  being  immersed  in  dilute  sulphuric  acid,  and 
the  cast-iron  in  concentrated  nitric  acid,  which  un- 
der certain  conditions  failed  to  act  on  the  iron.  The 
following  quotation,  taken  from  Noad,  will  show 
how  powerful  such  voltaic  batteries  can  be  made : 

"A  prodigious  battery,  probably  the  largest  ever 
made,  in  which  cast-iron  was  the  negative  element, 
was  constructed  by  Dr.  Callan  (Phil.  Mag.  Vol. 
xxxiii.  49).  It  consisted  of  300  cast-iron,  water- 
effects  tight  cells,  each  containing  a  porous  cell  and  zinc 
Ey°ca5an'8  P^te  4  inches  square;  no  cast-iron  cells,  each  hold- 
battery.  mS  a  porous  cell  and  zinc  plate  6  inches  by  4;  and 
177  cast-iron  cells,  each  containing  a  porous  cell  and 
a  zinc  plate  6  inches  square.  The  entire  battery  con- 
sisted therefore  of  577  voltaic  circles,  containing  96 
square  feet  of  zinc  and  about  200  square  feet  of  cast- 
iron.  It  was  charged  by  pouring  into  each  cast-iron 
cell  a  mixture  of  twelve  parts  of  concentrated  nitric 
acid,  and  eleven  and  a  half  of  double-rectified  sul- 
phuric acid,  and  by  filling  to  a  proper  height  each 
porous  cell  with  dilute  nitro-sulphuric  acid,  consist- 
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ing  of  about  five  parts  of  sulphuric  acid,  two  of 
nitric,  and  forty-five  of  water.  In  charging  the 
entire  battery,  there  were  used  about  fourteen  gal- 
lons of  nitric  and  sixteen  of  sulphuric  acid. 

"The  first  experiment  made  with  this  battery  con- 
sisted in  passing  the  current  through  a  very  large 
turkey,  which  was  instantly  killed,  though  it  after- §SrS>cu' 
ward  appeared  that  the  whole  charge  did  not  taketurkey' 
place  through  the  body  of  the  bird.  In  order  to  give 
the  shock,  a  piece  of  tin-foil  about  four  inches  square 
was  placed  under  each  wing  along  the  sides  of  the 
turkey,  which  were  previously  stripped  of  their 
feathers,  and  moistened  with  dilute  acid.  The  foil 
was  kept  in  close  contact  with  the  skin,  by  pressing 
the  wings  against  the  sides.  The  person  who  held 
the  bird  had  a  very  thick  cloth  between  each  hand 
and  the  wing,  in  order  to  save  him  from  the  shock. 
When  the  discharge  took  place,  the  craw  of  the  tur- 
key was  burst,  and  the  hay  and  oats  contained  within 
it  fell  to  the  ground. 

"When  a  copper  wire  in  connection  with  the  nega- 
tive end  of  the  battery  was  put  in  contact  with  a 
brass  ring:,  connected  with  the  zinc  end,  a  brilliant  voitakwc 

°*  produced 

light  was  instantly  produced.  The  copper  wire  was  gjt£}5an,a 
gradually  separated  from  the  brass  rirfg,  until  the 
arc  of  light  was  broken.  The  greatest  length  of  the 
arc  was  about  five  inches.  The  length  of  the  arc  of 
light  between  charcoal  points  could  not  be  deter- 
mined, in  consequence  of  the  rapidity  with  which  the 
charcoal  burned  away.  At  this  period  of  the  experi- 
ments several  of  the  porous  pots  burst,  and  many  of 
the  copper  slips  became  disconnected  from  the  zinc 
cylinders,  by  the  combustion  of  the  solder ;  notwith- 
standing, however,  this  interruption  of  the  circuit, 
the  arc  of  light  between  the  coke  points  was  about  an 
inch  long,  and  the  heat  of  the  flame  deflagrated  a 
fife." 
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No  one,  at  the  present  time,  would  think  for  a 

©buying    moment  of  taking  the  trouble  to  set  up  such  a  voltaic 

JSS  Sfi  battery,  since  the  mere  throwing  of  a  belt  on  the 

dynamo*    driving  pulley  of  a  suitable  dynamo  will  instantly 

produce  powerful  currents. 

During  the  early  controversy  between  the  advo- 
cates of  the  contact  theory  and  the  chemical  theory 
of  the  voltaic  cell,  De  Luc  constructed  a  battery  in 
which  the  separate  couples  consisted  of  silver  and 
zinc,  separated  by  disks  of  writing  paper.  De  Luc 
believed  that  he,  here,  had  a  battery  in  which  no 
liquid  substance  whatever  was  employed.  For  this 
reason  his  contrivance  is  frequently  called  the  dry 
pile  or  battery.    De  Luc  formed  this  pile  as  follows : 


Pig.  139.— De  Luc's  Dry  Pile,  causing  repulsion  of  pith  balls. 


Dc  Luc's 
dry  pile. 


He  coated  one  surface  of  a  sheet  of  writing  paper 
with  a  sheet  of  thin  silver-foil,  and  then  cutNout  cir- 
cular disks  about  half  an  inch  in  diameter  by  the  use 
of  an  ordinary  punch.  He  employed  sheets  of  paper 
covered  in  a  similar  manner,  with  a  thin  coating  of 
zinc,  from  which  he  also  cut  circular  disks.  The 
separate  disks  were  then  placed  inside  a  glass  tube, 
carefully  varnished,  care  being  taken  to  observe  the 
same  order  of  arrangement  throughout;  viz.,  silver, 
zinc,  paper,  silver,  zinc,  paper,  the  top  ending  with 
a  zinc  and  the  bottom  of  the  pile  with  a  silver  disk. 
The  disks  were  then  firmly  pressed  together  inside  a 
glass  tube,  and  the  tube  capped  with  brass  plates. 
Such  a  dry  pile,  consisting  of  some  1,200  separate 
disks,  is  shown  in  Fig.  139.    When  suitably  sepa- 
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rated,  the  E.M.F.'s  supplied  are  sufficiently  power- 
ful to  cause  pith  balls  to  be  repelled,  as  shown 
in  the  figure.  By  means  of  two  such  piles  he  rang 
a  chime  of  electric  bells  by  the  alternate  attractions 
and  repulsions  of  a  suitably  supported  clapper.  By 
these  piles  De  Luc  kept  electric  bells  ringing  con- 
stantly for  a  period  of  some  two  years. 


Zamboni's 


In  1812,  Zamboni  greatly  improved  De  Luc's  so- 
called  dry  pile,  by  covering  a  strip  of  paper  on  one  &?$£ 
side  by  a  thin  coating  of  black  oxide  of  manganese, 
and  on  the  other  side  by  a  thin  sheet  of  tin-foil. 
Some  very  curious  experiments  were  tried  with  dry 
piles  so  constructed. 

In  a  dry  pile  constructed  by  Singer,  in  which  some 
20,000  couples  of  silver  and  zinc  were  employed, 
bright  sparks  were  produced  when  a  wire  connected  dn^Se 
with  one  of  the  poles  of  the  battery  was  drawn  rap-  couplS? 
idly  over  the  surface  of  a  file  connected  with  the 
other  pole.  A  Leyden  jar  formed  of  very  thin  glass 
and  containing  some  50  square  inches  of  surface, 
after  being  charged  for  ten  minutes  with  this  pile, 
produced  a  discharge  sufficient  to  fuse  a  platinum 
wire  one  inch  in  length  and  t.uW  of  an  inch  in  di- 
ameter. Gassiot,  by  means  of  10,000  couples  of 
Zamboni's  pile,  charged  a  Leyden-jar  battery  suffi- 
ciently to  obtain  disruptive  discharges  in  air  1-16 
of  an  inch  in  length. 

De  Luc's  invention  of  the  so-called  dry  pile  was 
heralded  by  the  advocates  of  the  contact  theory  as 
a  proof  that  electricity  can  be  produced  by  the  mere 
contact  of  dissimilar  metals.  It  was  argued  that 
here  were  piles  containing  absolutely  no  fluid  elec- 
trolyte whatever,  and,  moreover,  alluding  to  the  fact 
already  referred  to,  that  a  pile  constructed  by  De  Luc 
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had  kept  a  bell  ringing  for  two  years,  it  was  claimed 
that  such  piles,  when  properly  constructed,  should 
keep  them  ringing  forever — which  would  have  been 
an  exceedingly  unscientific  statement  for  any  one  to 
make  had  the  doctrine  of  the  conservation  of  energy 
then  been  known. 

Emraeoui  *n  P°mt  OI  ^act>  t^e  dry  P''es  of  the  preceding  type 
JSSmo?  are  on'v  relatively  dry.  The  paper  employed  attracts 
Jb^SJbi  an(*  absorbs  sufficient  moisture  from  the  air  to  permit 
dry  pile.  ,t  t0  slowly  act  chemically  on  one  of  the  elements  of 
the  pile. 


■**&.  140 A  so-called  Dry  PUt 

Dry  piles  are  now  constructed  in  which  a  liquid 
electrolyte  is  purposely  introduced,  so  as  to  ensure  a 
proper  amount  of  slow  chemical  action  on  one  of  the 
elements.  A  very  common  form  of  dry  pile  is  shown 
in  Fig.  140.  Its  advantage  consists  in  the  fact  that 
the  comparatively  small  quantity  of  liquid  which 
such  piles  contain  permits  them  to  be  readily  carried 
about  from  place  to  place.  The  so-called  dry  piles 
either  absorb  the  necessary  liquid  from  the  air,  or 
take  it  from  the  disks  of  moistened  cloth  that  are 
placed  between  the  separate  elements.  Sometimes, 
liquids  are  introduced  into  the  so-called  dry  cell 
in  some  absorbing  medium  like  sawdust;  or,  the 
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liquid  itself  may  be  made  into  a  jelly-like  mass  by 
admixture  with  suitable  substances. 

If  a  zinc-copper  couple  be  immersed  in  a  solution 
of  zinc  sulphate,  the  zinc  plate  being  suspended  near 
the  top  of  the  containing  vessel,  and  the  copper  be- 
ing placed  at  the  bottom  of  the  vessel,  a  current  of 
electricity,  if  made  to  pass  through  the  zinc  sulphate 
between  the  two  plates,  from  the  copper  plate  to 
the  zinc  plate,  will  decompose  the  solution,  andSouSST" 
cause  metallic  zinc  to  be  deposited  on  the  surface  Sii?f?ac- 
of  the  zinc  plate,  and  form  a  concentrated  solu- cumalator*- 
tion  of  copper  sulphate,  which  will  accumulate  at 
the  bottom  of  the  jar  around  the  copper  plate.  In 
this  condition,  the  cell  practically  becomes  a  gravity- 
Daniell  cell,  and  will  yield  electrical  current  until  all 
the  copper  sulphate  has  been  converted  into  zinc  sul- 
phate. In  this  condition,  it  can  again  be  converted 
into  a  voltaic  cell  by  sending  a  charging  current  be- 
tween the  two  plates.  Such  a  contrivance  consti- 
tutes the  early  Thomson-Houston  storage  cell.  In 
practice,  such  a  cell  would  require  a  diaphragm  to  be 
placed  below  the  zinc  plate,  in  order  to  prevent  metal- 
lic zinc  from  falling  on  the  copper  plate. 

Similarly,  when  two  plates  of  metallic  lead  are  im- 
mersed in  a  dilute  solution  of  sulphuric  acid  and 

w 

water,  and  a  current  of  electricity  is  sent  through  the 

The  leari 

solution  from  plate  to  plate,  a  chemical  decomposi-putestor- 
tion  occurs,  and  one  of  the  plates  becomes  covered  ofaccumu- 
with  a  substance  called  the  peroxide  of  lead,  and  the 
other  with  finely  divided  metallic  lead.  Peroxide  of 
lead  accumulates  on  the  surface  of  the  plate  con- 
nected with  the  positive  electrode  of  the  charging 
electric  source,  and  the  metallic  lead  is  deposited  on 
the  plate  connected  with  the  negative  electrode  of 
such  source. 
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When  the  charging  current  ceases  to  pass,  the  cell 

becomes  practically  a  voltaic  cell,  and  will  produce  an 

electric  current  which  will  pass  through  such  cell  in 

STt£?iLd-  a  direction  opposite  to  that  in  which  the  charging 

IS^ttoi^c  current  passes,  that  is,  in  the  charged  cell  the  current 

ecu.  wyj  pass-from  the  plate  covered  with  spongy  lead  to 

the  plate  covered  with  lead  peroxide.     In  other 

words,  the  plate  covered  with  spongy  lead  forms 

what  is  called  in  the  liquid  the  positive  plate,  and 

the  plate  covered  with  lead  peroxide,  the  negative 

plate.  ^ 

Such  cells  constitute  the  so-called  storage  cells  or 
accumulators.  They  are  sometimes  called  secondary 
Primary  cells,  in  order  to  distinguish  them  from  the.  ordi- 
a^ccua?"1"  nary  voltaic  cells,  which  are  called  primary  cells. 
Storage  cells  or  accumulators  are  properly  electric 
sources.  For  their  thorough  understanding  a  knowl- 
edge of  electro-chemistry  is  necessary.  We  will, 
therefore,  leave  their  further  description  until  we 
have  fully  stated  the  phenomena  of  dectro-chemistry, 
which  we  will  do  in  another  volume  of  this  book. 
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CHAPTER  XXV 


THERMO-ELECTRICITY 


"The  quantity  of  force  which  can  be  brought  into  action  in 
the  whole  of  nature  is  unchangeable,  and  can  neither  be  in- 
creased nor  diminished." — Helmholtz 

ONE  of  the  most  important  generalizations 
ever  made  in  physical  science,  is  what  is 
commonly  known  as  the  doctrine  of  the 
conservation  of  energy.  It  is  to  the  discovery  of  this 
doctrine  that  the  Nineteenth  Century  owes  a  large  Se^lSer? 
part  of  its  advance  in  physical  science.  It  will  beSer^of 
well,  therefore,  to  briefly  describe  its  principles,  since 
they  apply  with  equal  force  to  electricity  as  to  all 
other  branches  of  physical  science. 

The  word  energy  means  the  capability  of  doing 
work.     When  any  work  is  done  some  force  must 
act  through  a  distance;  or,  in  other  words,  energy 
must  be  expended.     But  the  expenditure  of  energy 
must  not  be  confounded  with  its  annihilation.    En- 
ergy is  never  annihilated  or  wiped  out  of  existence. 
It  merely  changes  its  form,  disappearing  in  one  par- 
ticular form  only  to  re-appear  in  some  other  form. 
For  example,  take  the  case  of  a  pump  filling  a  reser- 
voir with  water.     The  mechanical  energy  expended 
by  a  steam  engine  does  work  in  raising  water  from  a 
lower  level  to  the  level  of  the  reservoir.    The  me- Energy  can 
chanical  energy  of  the  steam  engine  disappears  only  Seated  nor 
to  re-appear  when  the  stored  water  in  the  reservoir*1111  ,ated 
escapes.    So  long  as  the  water  remains  in  the  reser- 


electric 
energy, 
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voir  it  does  no  work ;  but  let  the  water  run  out  of  the 
^SSSL°li  reservoir,  and  the  energy  re-appears,  and  may  be  ex- 
pended in  turning  a  water-wheel,  which  may  trans- 
fer its  energy  to  a  dynamo  electric  machine,  which, 
in  turn,  may  convert  electric  energy  into  mechanical 
energy.  So,  too,  the  electric  energy  may  be  trans- 
formed or  converted  into  heat  or  light  energy.  In 
all  of  these  cases,  however,  no  energy  is  lost.  It  has 
merely  been  changed  or  transformed.  In  other 
words,  there  has  been  neither  increase  nor  decrease 
in  the  total  quantity  of  the  energy. 

It  might  be  supposed  from  the  above  doctrine  that 
if  the  mechanical  energy  liberated  by  the  water  es- 
caping from  the  reservoir  were  employed  to  drive  a 
dynamo  electric  machine,  and  the  electricity  pro- 
duced by  this  machine  employed  to  drive  a  pump, 
JSjpetual  then  such  pump  should  be  able  to  return  all  the  water 
^Mibie.  back  again  into  the  reservoir,  and  that,  therefore, 
such  a  system  would  be  practically  a  case  of  perpet- 
ual motion.  That  this  can  not  be  done  we  all  know. 
The  reason  is,  that  in  practice  losses  invariably  oc- 
cur in  the  devices  employed  for  transforming  the 
energy,  and  that  these  losses,  while  by  no  means 
annihilating  a  part  of  the  energy,  nevertheless,  so 
change  a  part  of  it  into  such  a  form  as  heat,  etc., 
that  it  can  not  be  immediately  utilized  in  directly  re- 
turning the  water  to  the  reservoir.  This  appearance 
of  energy  in  a  form  in  which  it  can  not  be  immedi- 
ately utilized  by  man,  is  sometimes  called  the  degra- 
dation or  dissipation  of  energy,  because  here  some 
tton  o^dfc-  of  the  energy  becomes  non-available  to  man.  For 
energy,  this  reason  energy  is  sometimes  divided  into  avail- 
able and  non-available  energy. 

Now,  concisely  stated,  the  doctrine  of  the  conser- 
yation  of  energy  is  as  follows :  There  exists  in  the 
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universe  a  definite  quantity  or  store  of  energy.    This 
amount  is  fixed  and  unalterable,  and  can  neither  be 
increased  nor  decreased.    The  doctrine  of  conserva- 
tion of  energy  is,  therefore,  sometimes  called  the 
doctrine  of  the  indestructibility  of  energy.     Since  concise 
all    natural    phenomena    are   results   produced   bySftSfaSc- 
changes  or  transformations  of  energy,  it  followed  £*££?££* 
that,  as  soon  as  scientific  men  were  aware  of  the  fact  energy, 
that  when  energy  disappears  in  one  form  it  must 
necessarily  re-appear  in  another  form,  they  were  on 
the  lookout  for  such  re-appearance,  and  that,  there- 
fore, a  rapid  advance  was  made  in  physical  science. 
It  may  be  well,  before  leaving  the  doctrine  of  the 
conservation  of  energy,  to  annex  the  following  quo- 
tation  taken   from    Professor   Tyndall's  work   on 
"Heat  as  a  Mode  of  Motion/'     The  high  rank  in 
which  scientific  men  generally  hold  this  important 
generalization,  and  the  wonderful  range  of  phenom- 
ena  to  which  its  principles  extend,  will  be  readily 
seen: 

"Still,  presented  rightly  to  the  mind,  the  dis- 
coveries and  generalizations  of  modern  science  con- 
stitute a  poem  more  sublime  than  has  ever  yet  been 
addressed  to  the  imagination.  The  natural  philoso- tn^inde-00 
pher  of  to-day  may  dwell  amid  conceptions  which  of^SeWy.1 
beggar  those  of  Milton.  So  great  and  grand  are 
they,  that  in  the  contemplation  of  them  a  certain 
force  of  character  is  requisite  to  preserve  us  from 
bewilderment.  Look  at  the  integrated  energies  of 
our  world — the  stored  power  of  our  coal-fields;  our 
winds  and  rivers ;  our  fleets,  armies,  and  guns.  What 
are  they?    They  are  all  generated  by  a  portion  Enormous 

J  J  **  J  r  energy  in 

of  the  suns  energy,  which  does  not  amount  togjj^11- 
»,»oo,ooo,oooof  thc  whole.    This  is  the  entire  fraction  ££££ 
of  the  sun's  force  intercepted  by  the  earth,  andourcar*- 
we  convert  but  a  small  fraction  of  this  fraction  into 
mechanical  energy.     Multiplying  all  our  powers  by 
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millions  of  millions,  we  do  not  reach  the  sun's  ex- 
penditure. And  still,  notwithstanding  this  enor- 
mous drain,  in  the  lapse  of  human  history  we  are 
unable  to  detect  a  diminution  of  his  store.  Meas- 
ured by  our  largest  terrestrial  standards,  such  a 
reservoir  of  power  is  infinite;  but  it  is  our  privilege 
to  rise  above  these  standards,  and  to  regard  the  sun 
himself  as  a  speck  in  infinite  extension — a  mere  drop 
in  the  universal  sea.  We  analyze  the  space  in  which 
he  is  immersed,  and  which  is  the  vehicle  of  his 
power.  We  pass  to  other  systems  and  other  suns, 
each  pouring  forth  energy  like  our  own,  but  still 
without  infringement  of  the  law,  which  reveals  im- 
mutability in  the  midst  of  change,  which  recognizes 
incessant  transference  or  conversion,  but  neither 
final  gain  nor  loss.  This  law  generalizes  the  apho- 
rism of  Solomon,  that  there  is  nothing  new  under  the 
sun,  by  teaching  us  to  detect  everywhere,  under  its 
infinite  variety  of  appearances,  the  same  primeval 
force.  To  Nature  nothing  can  be  added ;  from  Na- 
ture nothing  can  be  taken  away;  the  sum  of  her 
energies  is  constant,  and  the  utmost  man  can  do  in 
the  pursuit  of  physical  truth,  or  in  the  applications 
of  physical  knowledge,  is  to  shift  the  constituents 


Neither 


creation     of  the  never-varying  total.     The  law  of  conserva- 


nor  an- 


nihilation tion  rigidly  excludes  both  creation  and  annihilation. 
Waves  may  change  to  ripples,  and  ripples  to  waves  ; 
magnitude  may  be  substituted  for  number,  and  num- 
ber for  magnitude ;  asteroids  may  aggregate  to  suns, 
suns  may  resolve  themselves  into  flora  and  fauna, 
and  flora  and  fauna  melt  in  air— -the  flux  of  power 
is  eternally  the  same — it  rolls  in  music  through  the 
ages,  and  all  terrestrial  energy — the  manifestations 
of  life  as  well  as  the  display  of  phenomena — are  but 
the  modulations  of  its  rhythm." 

There  are,  in  general,  different  ways  in  which 
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electric  energy  can  be  obtained  by  the  transformation 
of  some  other  form  of  energy:  viz.,  by  the  trans- 'SaSS^ 
formation  of  mechanical  into  electric  energy;  by  thejfeSriT 
transformation  of  chemical  into  electric  energy ;  and  SS^BLSSi 
by  the  transformation  of  heat  or  thermal  into  elec- 
tric energy.    Of  these  we  have  already  studied,  un- 
der the  head  of  f rictional  electricity,  oae  of  the  ways 
in  which  mechanical  energy  can  be  transformed  into 
electric  energy  of  high  electro-motive  force.     We 
have  also  seen  how,  in  the  voltaic  cell,  chemical 
energy  can  be  transformed  into  electric  energy.    Let 
us  now  inquire  how  heat  or  thermal  energy  can  be 
transformed  into  electric  energy. 

The  discovery  of  the  means  by  which  heat  energy 
can  be  transformed  into  electric  energy  was  made  by 
Professor  Seebeck,  of  Berlin,  in  1821.    Seebeck  thusfSS^ 
enriched  electric  science  by  the  invention  of  an  en-  dJSSStj, 
tirely  new  electric  source;  viz.,  the  thermo-electric* l8ax* 
cell. 

Like  all  great  discoveries,  that  of  the  thermo- 
electric cell  was  not  accomplished  by  the  work  of 
a  single  man.     Seebeck  was  preceded  by  hosts  of 
other  discoverers,  who  prepared  the  way  for  the  seebeck 
great  discovery  of  the  means  for  obtaining,  in  aEydiacor- 
f airly  practicable  form,  electric  currents  by  the  di-mE£° 
rect  transformation  of  heat  energy.     But  Seebeck e€C  c,ty# 
first  showed  the  means  by  which  practical  results 
could  be  obtained,  and  is  correctly  credited  with  the 
honor  of  the  invention  or  discovery  of  the  new  elec- 
tric source.    We  have  already  briefly  alluded,  under 
the  head  of  pyro-electricity,  to  the  production  of 
electricity  in  bad  conductors,  such  as  certain  crys- 
talline bodies.     The  currents,  however,  thus  pro- 
duced were  necessarily  exceedingly  small,  on  account 
of  the  electric  resistance  of  the  conducting  substances 
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in  which  electricity  was  produced.    Both  pyro-elec- 
KtScS0*  tricity  and  thermo-electricity  are  produced  by  dif- 
3£*ricity    ferences  of  temperature.    The  term  pyro-electricity, 
cSiSdty?"  however,  is  generally  retained  for  the  production  of 
electricity  in  bad  conductors  by  differences  of  tem- 
perature, while  thermo-electricity  is  employed  to  sig- 
nify the  production  of  such  currents  in  good  electric 
conductors.     Since  the  description  we  have  already 
given  of  pyro-electricity  was  purposely  very  brief,  it 
wwill  be  necessary  here,  at  somewhat  greater  length, 
to  describe  some  of  the  leading  phenomena  in  this 
branch  of  electric  science. 

The  effect  of  changes  of  temperature  in  crystal- 
line bodies  was  noted  at  a  very  early  date.  Pliny, 
about  ioo  a.d.,  refers  to  the  fact  that  when  a  certain 
crystalline  stone  is  heated  in  the  sun,  it  thereby  ac- 
quires the  property  of  attracting  light  bodies  to  it, 
just  as  it  would  had  it  been  rubbed  against  the  cloth- 
ing. De  la  Rive  states,  that  toward  the  end  of  the 
seventeenth  century,  some  Dutch  merchants  brought 
from  the  island  of  Ceylon  a  stone  which,  when 
of  word      placed  on  hot  ashes,  attracts  them,  and  then  immedi- 

tourxnaline.  *  _,,  .  , 

ately  afterward  repels  them.  This  stone  was,  there- 
fore, called  the  "tournamar  of  "ashes-attractor." 
This  mineral  is  now  called  tourmaline,  and  received 
its  name  from  the  above-mentioned  fact. 

The  pyro-electric  properties  of  tourmaline  and 

other  mineral  substances  have  been  carefully  studied 

by  Mpinvis,  Bergman,  Canton,  Becquerel,  Brewster, 

Riess,  and  Du  Bois-Reymond.     It  was  Riess  who 

eminent     proposed  the  names  analogous  and  antilagous  poles 

Sfp^S."     *or  ^e  Pyro-electric  poles  of  crystalline  substances. 

electricity,  The  word  analogous  refers  to  the  fact  that,  at  this 

pole  there  is  a  similarity  or  analogy  between  the 

plus  sign,  which  represents  the  character  both  of  the 
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electricity  and  of  the  temperature,  the  analogous 
pole  being  the  pole  whose  positive  electricity  in- 
creases as  its  temperature  increases.  The  antilagous 
pole,  on  the  other  hand,  is  the  pole  at  which  the  re- 
verse effects  are  observed,  that  is,  its  electricity  de- 
creases while  its  temperature  increases. 

It  has  been  shown  that  a  great  variety  of  crystal- 
line substances,  both  natural  and  artificial,  possess 
pyro-electric  properties.      Brewster  names,  anrong?^SEu 
others,  the  following  natural  crystals  as  possessing  Suf^fio. 
such  properties;  viz.,  calc  spar,  beryl,  heavy  spar, cnSSil 
fluor  spar,  diamond,  amethyst,  quartz,  native  sul- 
phur and  the  garnet;  and  among  artificial  crystals, 


Fig.  141.— Seebeck's  Apparatus  for  Producing  Ttaenno-Blectric  Currents. 

tartaric  acid,  chlorate  of  potash,  green  vitriol,  sugar, 
sugar  of  lead,  carbonate  of  potash  and  corrosive 
sublimate. 

Coming  now  to  the  discovery  by  Seebeck,  in  1824, 
of  the  production  of  electricity  in  good  conductors, 
such  as  metallic  bodies,  by  means  of  differences  of 
temperature,  we  note  the  discovery  that  when  any 
two  different  metals  of  unlike  crystalline  structure 
and  conducting  power  are  connected  by  means  of 
solder,  and  the  junction  either  heated  or  cooled,  an^b^s 
electric  current  flows  across  the  junction  generally  SSS'io 
to  the  poorer  conducting  metal.    For  example,  if,  asSSriStj. 
in  Fig.  141,  at  the  right-hand  side  of  the  figure  a  bar 
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of  bismuth  b,  and  a  bar  of  antimony  a,  be  soldered 
together  at  the  junction  e,  and  the  free  ends  be 
connected  by  means  of  electric  wires,  as  shown,  near 
the  junction  e,  an  electric  current  flows  through  the 
circuit  from  the  bismuth  through  the  conducting 
wires  or  circuit  outside  the  metals  to  the  antimony. 
In  other  words,  the  current  flows  from  the  junction 
through  the  poorer  conducting  metal,  that  is,  the  bis- 
muth, to  the  outside  circuit,  and  from  this  to  the  bet- 
S£tric°"  ter  conducting  metal,  that  is,  the  antimony.  The 
coipfc.  combination  of  two  different  metals  forms  what  is 
called  a  thermo-electric  pair  or  couple,  in  order  to 
distinguish  it  from  a  voltaic  pair  or  couple,  which 
is  sometimes  also  called  a  hydro  pair  or  couple.  As 
in  the  case  of  the  voltaic  cell,  the  different  metals 
of  a  thermo-electric  cell  are  called  the  thermo-electric 
elements. 

If  the  elements  of  a  thermo-electric  couple  be  made 

in  the  shape  of  a  hollow  rectangle,  such  as  shown  at 

the  right-hand  side  of  Fig.  141,  where  the  bismuth 

ofemagJSic  bar  is  represented  by  the  shaded  part  of  the  rec- 

°hermeo-y    tangle,  and  the  antimony  bar  by  the  unshaded  part, 

d  metric 

current,  and  the  bars  be  soldered  together  at  their  junctions, 
the  thermo-electric  current  produced  by  heating  one 
of  the  junctions,  as  by  an  alcohol  lamp,  will  produce 
a  current  sufficiently  strong  to  deflect  a  magnetic 
needle  supported,  as  shown,  on  a  vertical  pivot.  This 
deflection  of  the  needle  is  due  to  the  fact  that  a 
current  of  electricity,  flowing  through  a  conductor, 
always  renders  that  conductor  magnetic,  as  will  be 
thoroughly  explained  in  another  part  of  this  book. 

As  in  all  electric  sources,  a  thermo-electric  couple 

SertrS-0"     produces  electro-motive  forces,  or  thermo-electro- 

forc»f       motive   force,   and  it  is  this  electro-motive  force 

that  sets  the  electricity  in  motion.    In  any  thermo- 
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electric  couple,  the  difference  of  temperature  between 
the  opposite  junctions  determines  the  value  of  the 
electro-motive  force  produced.  Therefore,  the  ex- 
pedient is  sometimes  adopted  of  cooling  one  junc- 
tion, while  the  other  junction  is  being  heated. 

The  value  of  the  electro-motive  force  produced  by 
any  thermo-electric  couple  does  not,  however,  only 
depend  on  the  difference  of  temperature.  It  also 
depends  on  the  character  of  the  elements  of  the 
couple.  Metallic  substances  can  be  arranged  in  a 
series,  called  a  thermo-electric  series.  In  such  a 
series  each  metal  is  positive  with  reference  to  any 
metal  further  down  in  the  series : 

+ Bismuth 000089  volts 

German  Silver 000018  volts 

Lead 000000  volts  SSSte" 

Platinum 000009  volts  scries. 

Zinc 0000037  volts 

Copper 0000038  volts 

Iron 0000175  volts 

— Antimony 0000226  volts 

In  the  thermo-electric  series  given  above,  each 
metal  is  positive  to  the  metal  further  down  in  the 
list.     The  thermo-electro-motive  force  is  given  inJ^^X!: 
decimals  of  a  volt,  for  the  value  of  a  thermo-electric  eiS5r£ 
couple  formed  by  each  of  the  metals  mentioned  with^S? 
lead  taken  as  the  standard.    For  a  difference  of  tem- 
perature of  i°  C,  or  i.8°  F.,  the  exceedingly  small 
value  of  the  thermo-electro-motive  forces  produced 
by    thermo-electric   couples    will    be    readily    seen, 
amounting  as  it  does  to  but  a  few  millionths  of  a 
single  volt ;  in  the  case  of  the  most  powerful  couple 
shown  in  the  above  table ;  viz.,  the  bismuth-antimony 
couple,  the  value  being  but  .0001 17  of  a  volt. 

During  his  investigations,  Seebeck  discovered  that 
it  is  possible  to  form  thermo-electric  couples  from 
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Thermo- 
electric 
couples  pos- 
sible from 
pairs  of  the 
same  metals 
if  crystal- 
line struc- 
ture or 
molecular 

grouping 
iffers. 


two  plates  of  the  same  metal,  provided  differences 
exist  in  their  crystalline  structure;  i.e.,  if  one  plate 
be  crystalline  and  the  other  non-crystalline ;  or,  as  it 
is  called  in  science,  amorphous,  or  devoid  of  crystal- 
line form.  When  a  difference  exists  in  their  mo- 
lecular structure,  even  two  plates  of  the  same  metal 
may  form  a  thermo-electric  couple,  as,  for  example, 
a  plate  of  annealed  steel,  and  a  plate  of  hardened 
steel.  Indeed,  as  Yelin  has  proved,  thermo-electric 
currents  can  be  produced  in  bars  of  metals  that  are 
homogeneous  throughout  their  entire  length,  that  is, 
which  have,  throughout  their  length,  the  same  crys- 
talline or  non-crystalline  structure;  for  example,  a 


Fig.  143.— Nobiii's  and  Melloni's  Thermo- Electric  Pile  or  Battery. 

bar  of  bismuth  has  a  thermo-electric  current  devel- 
oped by  simply  heating  one  part  of  the  bar  higher 
than  another  part. 


Thermo- 
electric 
batteries 
or  piles. 


In  order  to  increase  the  feeble  E.M.F.'s  produced 
by  thermo  couples,  a  number  of  such  couples  are 
connected  together  in  series,  so  as  to  form  what 
is  called  a  thermo-electric  battery.  Here,  as  in  vol- 
taic batteries,  the  separate  E.M.F.'s  of  all  the  thermo 
couples  are  added.  This  has  been  done  by  Nobili 
and  Melloni  to  form  the  thermo-electric  pile  or  bat- 
tery shown  in  Fig.  142.  This  pile  consists  of  some 
fifty  pairs  of  bismuth  and  antimony  placed  side  by 
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side,   soldered  at  their  extremities,  and  insulated 
from  one  another  by  some  insulating  substance,  as 
shown  on  the  left-hand  side  of  the  figure.     These 
separate  piles  are  then  placed  vertically  over  one 
another,  as  shown  at  the  right  of  the  figure,  care 
being  taken  to  connect  all  the  separate  thermo  couples 
in  series,  so  as  to  add  their  thermo-electro-motive 
forces.    The  poles  or  electrodes  of  the  thermo  bat- 
tery thus  formed  are  connected  to  two  brass  binding 
screws,  placed  on  top  of  the  battery.     By  the  ar- 
rangement here  adopted  it  will  be  seen  that  the  alter- mSn$odd 
nate  junctions  of  all  the  pairs  in  the  pile  come  on  op- junction* 
posite  ends  of  the  pile,  all  the  even  junctions  coming  phe*.ermo" 
at  one  end,  and  the  odd  junctions  at  the  other  end. 
This  permits  all  the  junctions  on  one  face  to  be 
heated,  while  all  those  on  the  opposite  face  are 
cooled,  and  thus  is  obtained  the  sum  of  the  electro- 
motive forces  produced  in  all  the  separate  couples.  XcJmS!'8 
This  form  of  thermo-electric  pile  is  sometimes  called  muItiPliCf- 
Melloni's  thermo-multiplier. 

Melloni  employed  this  form  of  electric  pile  in  his 
study  of  radiant  heat,  that  is,  the  heat  that  is  given 
off  from  the  surface  of  heated  bodies.  A  thermo- 
multiplier,  when  employed  in  connection  with  an 
electrical  instrument  known  as  a  galvanometer,  af- 
fords a  very  sensitive  means  for  the  detection  of 
small  differences  of  temperature.  A  galvanometer 
consists  of  a  device  for  measuring  the  strength  of 
an  electrical  current  by  the  deflection  or  deviation  it  JJ^!'8 
produces  in  a  magnetic  needle.  The  galvanometer  is  gj£anom" 
an  instrument  that  we  can  only  thoroughly  explain 
after  we  have  studied  the  magnetic  effects  produced 
by  the  electric  currents.  It  will  suffice  now  to  state 
that  it  consists  practically  of  the  same  device  as  al- 
ready shown  in  connection  with  Fig.  141,  only,  in- 
stead of  a  single  hollow  rectangular  frame  of  metals, 


414  ELECTRICITY  Of   ETBKTDAY  LIFE 

the  galvanometer  proper  consists  of  a  number  of 
turns  of  insulated  wire,  each  of  which  when  trav- 
ersed by  an  electric  current  becomes  a  magnet  The 
^nE^rS-  effect  of  such  a  coil  on  the  magnetic  needle  is,  there- 
naomeur.  fore>  greater  than  would  be  the  effect  of  a  single 
coil,  like  the  hollow  rectangular  conducting  path 
formed  of  bismuth  and  antimony  employed  by  See- 
beck  in  his  original  experiment.  In  Seebeck's  ex- 
periment the  needle  was  deflected  by  a  magnetic  ef- 
fect produced  in  a  single  turn  or  circuit,  while,  in  the 
galvanometer,  the  needle  is  deflected  by  a  number  of 
such  turns. 

Melloni's  thermo  multiplier  is  shown  in  connection 
with  the  galvanometer  in  Fig.  143.    Here  insulated 


Pie.  Mj.— HetkoJ1*  Tfccrnto-Galvuioinetitr. 

metallic  wires,  connected  with  the  poles  of  the 
thermo-multiplier,  carry  the  current  to  the  terminals 
of  the  galvanometer,  shown  on  the  right-hand  side 
of  the  figure.    The  galvanometer  needle  is  suspended 
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by  a  silk  fibre  inside  a  hollow  coil,  consisting  of  many 
turns  of  insulated  wire.  In  employing  the  thermo- 
pile for  such  experiments,  the  faces  of  the  pile  are 
blackened  with  a  coating  of  lampblack,  so  as  to  read- 
ily absorb  any  radiant  heat  that  falls  on  them.  When 
only  one  side  of  the  pile  is  to  be  exposed  to  the 
radiant  heat,  the  other  face  is  kept  at  a  constant  tem- 
perature by  being  covered  with  a  metallic  plate, 
which  comes  near  to,  but  does  not  touch  the  face  of 
the  pile.  This  combination  of  thermo-pile  and  gal- 
vanometer can  be  made  so  sensitive  to  radiant  heat 
that  the  galvanometer  needle  is  deflected  by  the 
heat  coming  from  the  body  of  a  person  at  a  distance 
of  twenty-five  or  thirty  feet  from  it.  Where  small 
differences  of  temperature  existing  between  two  sep- 
arate and  distinct  sources  of  heat  are  to  be  measured, 
one  face  of  the  pile  is  exposed  to  the  radiant  heat 
from  one  source,  and  the  other  face  of  the  pile  to  the  • 
radiant  heat  from  the  other  source.  If  the  two^fMdia&i 
sources  are  at  the  same  temperature  the  opposite  cur-  ^rowm- 
rents  produced  neutralize  each  other,  but  if  the  other  ctcr' 
source  differs  but  slightly  in  temperature,  the  needle 
of  the  galvanometer  will  be  deflected  in  a  direction 
which  will  readily  enable  one  to  ascertain  which  is 
the  higher  temperature.  Moreover,  the  amount  of 
the  deflection  will  enable  the  difference  of  tempera- 
ture to  be  calculated.  This  combination  of  appara- 
tus is  sometimes  called  a  thermo-galvanometer. 

In  a  lecture  on  the  thermo-electric  pile  and  gal- 
vanometer, in  Tyndall's  "Heat  as  a  Mode  of  Mo- 
tion," before  referred  to,  the  author  thus  describes 
the  action  of  this  apparatus,  as  well  as  its  method  of 
use: 

"At  the  present  moment  the  needle  is  quite  at  rest,  SPSSS. 
and  points  to  the  zero  mark  on  the  graduated  disk^Jv^m- 
underneath  it.    This  shows  that  there  is  no  current cter- 
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passing.  I  now  breathe  for  an  instant  against  the 
naked  face,  A,  of  the  pile — a  single  puff  of  breath 
is  sufficient  for  my  purpose — observe  the  effect.  The 
needle  starts  off  and  passes  through  an  arc  of  90 °. 
It  would  go  further,  did  I  not  limit  its  swing  by 
fixing,  edgewise,  a  thin  plate  of  mica  at  900.  Take 
notice  of  the  direction  of  the  deflection ;  the  red  end 
of  the  needle  moved  from  me  toward  you,  as  if  it 
disliked  me,  and  had  been  inspired  by  a  sudden  affec- 
tion for  you.  This  action  of  the  needle  is  produced 
by  the  small  amount  of  warmth  communicated  by 
my  breath  to  the  face  of  the  pile,  and  no  ordinary 
thermometer  could  give  so  large  and  prompt  an  in- 
dication. We  will  let  the  heat  thus  communicated 
waste  itself;  it  will  do  so  in  a  very  short  time,  and 
you  notice,  as  the  pile  cools,  that  the  needle  returns 
Effect  of  to'  its  first  position.  Observe,  now,  the  effect  of 
fac^o?  cold  on  the  face  of  the  pile.  I  have  here  some  ice. 
pac"*0"  but  I  do  not  wish  to  wet  my  instrument  by  touching 
it  with  ice.  Instead  of  doing  so,  I  will  cool  this  plate 
of  metal  by  placing  it  on  the  ice;  then  wipe  the 
chilled  metal,  and  touch  with  it  the  face  of  the  pile. 
You  see  the  effect;  a  momenta  contact  suffices  to 
produce  a  prompt  and  energetic  deflection  of  the 
needle.  But  mark  the  direction  of  the  deflection. 
When  the  pile  was  warmed,  the  red  end  of  the  needle 
moved  from  me  towards  you ;  now  its  likings  are  re- 
versed, and  the  red  end  moves  from  you  toward  me. 
Thus  you  see  that  cold  and  heat  cause  the  needle  to 
Heat  and  move  in  opposite  directions.  The  important  point 
coidapphed  ^^  established  is,  that  from  the  direction  in  which 
Sp'ptSteiy  the  needle  moves,  we  can,  with  certainty,  infer 
curati.  whether  cold  or  heat  has  been  communicated  to  the 
pile ;  and  the  energy  with  which  the  needle  moves — 
the  promptness  with  which  it  is  driven  aside  from 
its  position  of  rest — gives  us  some  idea  of  the  com- 
parative quantity  of  heat  or  cold  imparted  to  it  in 
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different  cases.  In  a  future  lecture  I  shall  explain 
how  we  may  express  the  relative  quantities  of  heat 
with  numerical  accuracy ;  but  for  the  present  a  gen- 
eral knowledge  of  the  action  of  our  instruments  will 
be  sufficient" 

In  1887,  Professor  Boys  greatly  increased  the 
sensitiveness  of  Melloni's  apparatus  by  combining 
both  a  thermo  couple  and  the  galvanometer  in  the 
same  instrument.  He  did  this  by  forming  a  square  "SfiSaSS* 
metallic  circuit,  three  of  the  sides  of  which  consisted 
of  fine  copper  wire,  and  the  fourth  side  of  a  com- 
pound bar  of  antimony  and  bismuth,  the  separate 
bars  of  which  were  soldered  side  by  side.  He  then 
supported  this  circuit  on  a  thin  rod,  carrying  a  small 
mirror,  and  suspended  the  entire  system  by  a  tor- 
sion fibre,  in  a  strong  magnetic  field.  When  radiant 
heat  was  allowed  to  fall  on  the  antimony-bismuth 
junction,  an  electric  current  was  produced,  which, 
flowing  through  the  suspended  metallic  circuit,  was 
at  once  deflected  by  the  magnetic  field  surrounding 
it.  When  suitably  constructed,  this  instrument  is 
so  sensitive  that  it  can  detect  radiant  heat  from  a 
candle  flame  at  a  distance  of  more  than  a  thousand 
feet,  and  can  be  made  so  delicate  that  it  is  possible 
to  measure  differences  of  temperature  as  small  as  new  of 
the  i,oootott,too  of  a  degree.  Boys  called  this  instru-  micrometer 
ment  the  radio-micrometer. 

In  1 88 1,  Langley  constructed  an  extremely  sen- L^tey^ 

bolometer* 

sitive  form  of  instrument,  which  he  called  the  bolom- 
eter. This  instrument,  although  operated  on  a  dif- 
ferent principle,  may  properly  be  referred  to  here, 
since  it  is  electrical  in  its  action. 

The  bolometer  depends  for  its  operation  on  the 
fact  that  the  electric  resistance  of  metals  changes 

V«l  !-19 
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with  small  changes  in  temperature.    Langley  placed 
So^S3c"   two  strips  of  platinum  in  such  positions,  as  regards 
SfSm&nof an  instrument  called  an  electric  bridge  or  balance, 
bSSmSer.  ^at  so  long  as  both  strips  were  equally  heated  the 
equilibrium  of  the  balance  was  not  disturbed;  and, 
therefore,  a  delicate  galvanometer  placed  in  the  cir- 
cuit of  the  bolometer  and  balance  would  not  be  af- 
fected.    If,  however,  while  one  of  these  strips  was 
protected  from  the  radiant  heat  of  the  source  whose 
temperature  was  to  be  measured,  the  other  strip  was 
exposed  to  such  radiation,  then  the  temperature  pro- 
duced a  change  in  the  electric  resistance  of  the  ex- 
posed strip,  which  disturbed  the  electric  balance,  and 
so  permitted  the  needle  of  the  galvanometer  to  be 
Delicacy  of  deflected.    In  this  manner,  Langley  was  able  to  de- 
boSSlctcr.  tect  differences  of  the  millionth  of  a  degree  Centi- 
grade, and  to  accurately  measure  the  one-thousandth 
of  a  degree  C. 

Langley  thus  describes  his  bolometer  in  Prof.  C 
A.  Young's  book  on  "The  Sun" : 

"As  the  heat  in  the  diffraction  spectrum  [a  band 
d^ption  of  rainbow  colors  obtained  from  light  reflected  from 
bolometer,  a  metallic  surface  roughened  by  numerous  parallel 
lines  drawn  very  near  one  another]  is,  at  best,  about 
one-tenth  that  in  the  prismatic  spectrum  [i.e.,  the 
spectrum  obtained  by  passing  light  through  a  prism] , 
which  is  itself  all  but  immeasurably  small  when  dis- 
tributed in  approximately  homogeneous  rays — spe- 
cial apparatus  has  been  devised  for  the  peculiarly 
delicate  measurements  in  the  diffraction  spectrum, 
which  I  have  lately  succeeded  in  making.  The  ap- 
paratus depends  on  the  principle  (not  in  itself  at  all 
new)  that,  if,  of  two  wires  from  a  battery,  making 
bolometer?  the  arms  of  an  electric  'bridge/  or  'balance/  we 
warm  only  one,  a  galvanometer  needle  may  be  made 
to  move,  owing  to  the  diminished  current  caused  by 
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the  heat.  But,  though  the  principle  is  simple,  the 
special  application  has  been  difficult.  The  instru- 
ment, as  finally  constructed  for  measuring  most 
minute  portions  of  radiant  energy,  as  heat,  uses 
strips  of  metal  about  ttt,W  inch  thick  as  the  bal- 
ance-arms, and  I  have  called  it  the  Bolometer.  With 
the  one  I  am  now  using,  a  change  of  temperature  of 
about  0.000010  Cent,  in  the  strips  is  detected,  a 
change  of  Trr.Vinr  degree  being  noted  instantly.  As 
these  strips  are  extremely  minute,  this  implies  a 
power  of  recognizing  amounts  of  radiant  heat 
smaller  than  those  for  which  the  thermo-pile  is  com- 
monly employed.  How  small  it  is  difficult  to  appre- 
hend clearly,  but  it  may  be  stated,  in  illustration  feSSe"1  y 
both  of  the  feebleness  of  radiant  energy  in  some  action  of 
parts  of  the  diffraction  spectrum  and  of  the  delicacy  3°i%iil  *" 
of  the  instrument,  that  the  heat  in  certain  ultra- 
violet rays  can  be  detected  by  it  in  rather  less  than 
ten  seconds,  though  the  same  radiation  is  so  weak 
that,  falling  uninterruptedly  for  over  one  thousand 
years  on  a  kilogramme  of  ice  at  o°  Cent,  it  would 
not  wholly  melt  it." 

Various  attempts  have  been  made  to  obtain  from 
thermo-piles  sufficiently  powerful  currents  for  ordi-  Dove,g 
nary  electric  work.     Professor  Dove  made  a  form^f™0- 

*  .      pile  or 

of  thermo  battery  or  pile,  in  which  a  hundred  pairs  battery, 
of  iron-platinum  couples  were  soldered  together  in 
alternate  lengths,  and  so  wound  on  the  surface  of  a 
wooden  cylinder  that  all  the  iron-platinum  junctions 
come  on  one  side  of  the  cylinder,  and  all  the  plati- 
num-iron junctions  on  the  other  side;  or,  in  other 
words,  so  that  all  the  even  junctions  come  on  one 
side  and  all  the  odd  junctions  on  the  other.  A  cur- 
rent was  produced  by  dipping  one  set  of  junctions  in 
heated  oil,  while  the  other  set  was  cooled. 
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A  form  of  thermo-pile  capable  of  producing  fairly 
large  currents,  is  shown  in  Fig.  144.  This  pile  was 
devised  by  Watkins,  and  consisted  of  a  number  of 
SUS£.'*  antimony-bismuth  couples,  alternately  soldered  to- 
Eui^V.  gether,  so  as  to  form  the  battery  shown  in  the  figure. 
The  arrangement  was  such  that  one  set  of  junctions 
came  at  the  bottom  of  the  pile,  and  the  other  set  at  the 
top.  The  differences  of  temperature  were  obtained 
by  exposing  one  face  of  the  pile  to  the  radiant  heat 
from  a  red-hot  iron  plate,  and  the  other  face  to  a 
lump  of  ice.     This  pile  generated  a  current  suffi- 


cient to  produce  disruptive  sparks,  heat  wires,  and 
cause  chemical  decomposition. 

One  of  the  most  efficient  forms  of  thermo-piles 
was  that  devised  by  Clamond  and  Mure.  The 
thermo  couples  consisted  of  an  alloy  composed  of 
zinc  and  antimony  and  a  sheet  of  iron,  respectively. 
In  the  pile  of  this  description,  shown  in  Fig.  145, 
there  are  ten  elements,  arranged  as  shown  at  the 
upper  part  of  the  figure.  Each  element  is  represented 
by  F,  and  each  alloy  of  zinc  and  antimony  by  A. 
The  alloy  elements,  suitably  separated,  are  placed, 
as  shown,  in  the  form  of  a  circle.     The  iron  strips 
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are  fastened  at  one  end  on  the  inside  of  the  alloy 
elements,  and  the  other  end  on  their  outer  edges.  In 


Fro.  its--  Clamonri's  Thermo-PUe  or  Battery.  Note  thai  in  the  ring-shape 
battery,  nbown  u  the  upper  put  of  tfae  figure,  that  all  the  odd  junction*, 
from  i  to  19,  cob*  on  the  ode  of  the  hollow  (pace,  and  all  the  even  juoct  :oua, 


this  manner  the  iron  elements  are  caused  to  project 
sufficiently  on  the  outside  to  present  a  large  sur- 
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face  for  cooling.    An  examination  of  the  figure  at 
oSSSwL    *^e  uPPer  Part  °*  ^e  drawing  will  show  that  all 
curd's  the  separate  elements  are  connected  in  series,  and 
J^ggjj*  that  the  poles  or  electrodes  of  the  ring-shaped  bat- 
tery, so  formed,  are  situated  at  the  unconnected  alloy 
terminals.     The  battery  itself  is  built  up  of  a  num- 
ber of  these  ring-shaped  elements,  which  are  piled 
one  upon  the  other,  as  shown  at  the  lower  part  of 
the  figure.     The  clamp  connectors,  shown  at  the 
right-hand   side  of  this  figure,   are  provided   for 
coupling  the  separate  ring-shaped  batteries  either  all 
in  series,  or  in  multiple-series,  as  in  the  case  of  vol- 
taic cells. 

Thus  arranged,  the  set  of  junctions  to  be  heated 
all  come  inside  a  hollow  cylindrical  space,  in  which 
was  placed  an  earthenware  tube  containing  a  num- 
ber of  small  holes,  while  the  junctions  which  were  to 
be  cooled  all  came  on  the  outside  of  the  pile.  Gas 
Suofc  jets  are  burned  inside  the  earthenware  tube,  and 
pu^ond  *  heat  one  set  of  junctions ;  viz.,  the  odd  junctions,  or 
those  numbered  from  i  to  19,  in  the  ring-like  ele- 
ment shown  at  the  upper  part  of  the  figure,  while 
the  other  set  of  junctions,  or  even  junctions,  from  2 
to  20,  are  cooled  by  the  air.  This  battery  was  capable 
of  producing  fairly  large  currents.  In  an  improved 
form,  consisting  of  30  pairs  of  100  elements,  a  cur- 
rent was  generated  capable  of  maintaining  a  voltaic 
arc,  similar  to  that  produced  in  an  ordinary  arc  elec- 
tric lamp.  The  electro-motive  force  of  the  pile  was 
109  volts,  and  its  resistance  15J4  ohms. 

An  excellent  form  of  thermo-pile,  known  as  Gul- 
cher's  thermo-pile,  is  shown  in  Fig.  146.     It  con- 
thaSSpiie  s*sts  oi  two  series  of  thermo  couples  heated  Jby  a 
or  battery.  number  0f  small  Bunsen  burners.    The  gas  is  sup- 
plied through  a  pipe,  F.    A  battery  of  this  descrip- 
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tion,  containing  sixty-six  elements,  will  produce  an 
KM.F.of  four  volts,  and,  under  favorable  conditions, 
will  sustain  a  current  of  three  amperes,  by  a  con- 
sumption of  gas  of  about  6.4  cubic  feet  per  hour. 

The  thermopile  is  certainly  much  better  adapted 
to  produce  electrical  currents  than  are  ordinary  vol-  £i£2*** 
taic  cells,  since  all  that  is  required  is  to  turn  on  and&S 
ignite  a  gas  jet  or  start  a  fire.     Instead  of  burning £T" 
zinc  in  costly  acids,  we  burn  gas  or  coal  in  air.  Not-ll'I^iri™.' 
withstanding  this  convenience,  the  thermo-piles  are 
but  little  employed,  since,  at  present,  the  current  they 


produce  is  too  small  to  be  of  much  use.  Moreover, 
their  economy  of  conversion  or  transformation  of 
energy  into  electric  energy  is  low,  much  of  the  heat 
being  lost.  Then  again  a  difficulty  exists  in  obtain-  gjpgj 
ing  the  low  resistance  that  such  a  generator  should  Jjg£ 
possess,  in  order  to  produce  a  large  current.  To  pro- 
duce a  low  resistance  means  to  build  the  generator 
of  good  electrical  conductors;  but,  unfortunately, 
good  conductors  of  electricity  are  also  good  conduc- 
tors of  heat,  and,  if  such  be  employed  in  thermo  cells, 
it  is  difficult  to  keep  one  side  of  the  junctions  at  a 
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high  temperature,  and  the  other  side  at  a  low  tem- 
perature. Then  again,  a  serious  difficulty  arises 
from  the  fact  that  a  thermo-pile  has  a  short  useful 
life.  It  rapidly  deteriorates,  becoming  practically 
useless  in  a  few  years.  This  is,  probably,  due  both 
to  the  continued  expansions  and  contractions  of  the 
cell,  but  especially  to  a  change  in  the  physical  char- 
acter of  the  metals  at  the  junctions.  However,  it 
is  possible  that  great  improvements  may  still  be  made 
in  thermo-electric  generators  or  piles. 


The  Peltier 
effect. 


Electric 
thermom- 
eter em- 
ployed to 
demon- 
strate Pel- 
tier effect. 


Lens's  ex- 
periment on 
the  Peltier 
effect. 


In  1834,  Peltier  discovered  that  the  passage  of  an 
electric  current  across  the  junction  of  a  thermo- 
couple, in  a  certain  direction,  develops  heat,  while  its 
passage,  in  the  opposite  direction,  across  such  junc- 
tion absorbs  heat.  In  other  words,  an  electric  cur- 
rent flowing  in  a  certain  direction  across  a  thermo 
junction  will  heat  it,  but  flowing  in  the  opposite  di- 
rection across  such  junction  will  cool  it.  In  order 
to  demonstrate  this  curious  fact,  Peltier  replaced  the 
fine  platinum  wire  employed  in  a  modified  form  of 
Kinnersley's  electric  thermometer  by  two  small  cylin- 
ders of  bismuth  and  antimony  soldered  together  end 
to  end,  so  placed  as  regards  the  ball,  that  the  junction 
came  in  the  centre  of  the  bulb.  On  sending  an  elec- 
tric current  across  this  junction  from  the  antimony 
to  the  bismuth  an  increase  of  temperature  was  pro- 
duced. On  sending  it  in  the  opposite  direction  from 
the  bismuth  to  the  antimony  a  reduction  of  tempera- 
ture was  produced.  In  order  to  avoid  the  effect  pro- 
duced in  the  metals  by  the  liberation  of  heat  due  to 
the  passage  of  the  electric  current  through  the  mass 
of  the  metal,  Lenz  modified  this  experiment  by 
forming  a  circular  aperture  or  hole  at  a  part  of  the 
junction  of  a  bismuth-antimony  couple,  and  in- 
serted the  bulb  of  a  small  thermometer  in  the  open- 
ing.   When  the  current  of  a  voltaic  cell,  consisting 
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of  a  zinc-platinum  couple,  with  about  155  square 
inches  of  surface,  was  passed  from  the  bismuth  to 
the  antimony,  the  temperature  fell  7.2  °  F.  In  this 
connection,  Lenz  performed  the  following  extremely 
interesting  experiment.  By  filling  the  circular  hole, 
at  the  soldered  junction  of  the  bismuth-antimony 
couple  above-described,  with  water,  and  covering  all  XSS  b^ 
the  apparatus,  excepting  at  the  soldered  point,  with  SfcSf ltier 
melting  snow,  he  obtained  a  temperature  in  all  parts 
of  the  apparatus,  including  the  water  itself,  of  32  ° 
F.  Then,  on  the  passage  of  the  current  in  the  proper 
direction,  he  succeeded  in  freezing  the  water  and 
lowering  the  temperature  of  the  ice  so  formed  to 
240  F. 

The  change  of  temperature  by  the  passage  of  an 
electric  current  across  a  thermo-electric  junction,  is 
called  the  Peltier  effect.     This  effect  includes  toth  between  w 
the  case  of  heat  developed  at  the  junction  when  the*ndtbc 

Jouleeffects 

current  is  crossing  it  in  a  certain  direction,  and  heat 
absorbed,  or  cold  produced  at  such  junction,  when 
the  current  is  passing  in  the  opposite  direction.    The 
Peltier  effect  thus  differs  from  what  is  called  the 
Joule  effect,  which  refers  to  the  heat  produced  in  an 
electric  conductor  on  the  passage  of  the  current, 
arising  from  the  resistance  which  the  conductor  of- 
fers to  such  passage;  viz.,  the  Peltier  effect  is  reversi- 
ble; i.e.,  the  current  heating  the  junction  when  pass- 
ing in  one  direction,  and  cooling  it  when  passing  in 
the  opposite  direction ;  in  the  Joule  effect  it  is  not  re- 
versible, the  same  amount  of  heat  being  developed  in 
a  conductor  no  matter  in  what  direction  the  current  Djfferen0C9 
passes  through  it.     Moreover,  in  the  Peltier  effect  jJ^fnto£ 
the  heat  evolved  is  proportional  to  the  amount  ofJ^S1^ 
current  passing,  so  that  if  the  current  be  doubled,  SdAelcr 
the  heat   produced  by  the   Peltier  effect   will   beJoulccffects 
doubled;  while  in  the  Joule  effect,  the  heat  is  pro- 
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heat 


portional  to  the  square  of  the  current,  so  that  if  the 
current  be  doubled  the  amount  of  heat  produced  by 
the  Joule  effect  will  be  increased  fourfold. 

Dr.  Oliver  Lodge  thus  speaks  of  reversible  and 
irreversible  heat,  in  his  "Modern  Views  of  Elec- 
tricity" : 

"In  a  simple,  homogeneous  piece  of  metal  the  heat 
produced  by  a  current  is  utterly  independent  of  di- 
JcwSbie  rection:  it  is  called  irreversible  heat;  it  is  propor- 
revelSbic  tional  to  the  square  of  the  current  strength,  as  Joule 
showed.  But  at  a  junction  of  different  substances, 
or  even  at  a  junction  of  the  same  substance  in  two 
different  states — two  different  temperatures,  for  ex- 
ample,— in  addition  to  the  irreversible  heat  pro- 
duced by  mere  resistance  there  is  reversible  heat  pro- 
duction, one  which  changes  sign  with  the  direction 
of  the  current,  so  that  the  current  one  way  actually 
tends  to  cool  the  junction  instead  of  heating  it. 
With  care  this  may  be  got  to  overpower  and  mask 
the  irreversible  heat,  and  a  junction  may  be  cooled 
and  water  frozen  by  steadily  passing  a  moderate  cur- 
rent in  the  right  direction  across  it.  This  curious  ef* 
feet  was  discovered  by  Peltier, 

"It  may  be  considered  as  the  fundamental  fact  of 
thermo-electricity.  Its  meaning  is  that  something  in 
the  metals  at  the  junction  is  helping  to  propel  the 
current  along;  doing  work  in  fact,  and  consuming 
its  own  heat  in  the  process.  The  vibratory  motion 
of  the  molecules  is  getting  used  up  in  propelling  elec- 
tricity. The  contact  force  is  acting  in  the  direction 
of  the  current. 

"If  the  current  be  reversed,  it  will  be  driven 
against  the  force  of  the  'molecules,  and  an  extra 
amount  of  heat  will  be  added  to  the  irreversible  or 
f  rictional  generation  of  heat. 

"This  thermal  evidence  of  contact  force,  though 
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the  most  direct,  was  not  the  earliest  discovered. 
The  earliest  known  fact  in  thermo-electricity  was^SSS 
that  in  a  complete  circuit  of  different  metals  a  cur-  tltS?*** 
rent  could  be  excited  by  having  the  parts  at  dif- 
ferent temperatures;  manifestly  because  these  con- 
tact forces  we  have  been  speaking  of  change  with 
temperature — some  increasing,  others  decreasing. 
They  are  accurately  balanced  in  a  circuit  of  uniform 
temperature,  but  they  have  a  resultant  whenever 
the  temperature  is  not  uniform,  and  this  resultant 
propels  the  current  discovered  by  Seebeck." 

The  Peltier  effect  may  be  shown  experimentally 
as  follows :     A  bar  of  bismuth  B,  and  a  bar  of  anti- 


Fic.  147.— Peltier's  Cross,  for  experimentally  demonstrating  both  the  Peltier 
changes  of  temperature  by  the  passage  of  an  electric  current  across  ther  mo 
electric  junctions  and  the  Seebeck  effect  of  producing  thermo-electric  currents- 
by  such  changes  of  temperature. 

mony  A,  are  placed  at  right  angles  to  each  other  in 
the  form  of  a  cross,  soldered  together  at  their  junc- 
tions as  shown  in  Fig.  147.  One  set  of  the  free  ends 
is  connected  by  means  of  conducting  wires  to  a  gal- ment  with 
vanometer  G,  and  the  opposite  set  similarly  con-Cross.r* 
nected  by  means  of  conducting  wires  to  a  single 
voltaic  cell  C.  This  cell  is  so  connected  that  it  sends 
a  current  through  the  circuit  across  the  thermo 
junction  in  such  a  direction  as  to  develop  heat.  This 
heat  in  its  turn  will  cause  a  thermo-electric  current 
to  be  set  up,  which  will  pass  in  the  direction  indi- 
cated by  the  arrows,  and  will  deflect  the  needle  of 
the  galvanometer  in  a  certain  direction.     But,  if 
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the  direction  of  the  current  in  the  cefl  be  reversed, 
cold  will  be  produced  by  its  passage  across  the 
thermo-electric  junction,  and  the  thermo-electric 
current  produced  by  such  cold  will  now  flow 
through  the  circuit  connected  with  the  galvanom- 
eter, in  the  opposite  direction,  as  will  be  indicated 
by  the  movement  of  the  galvanometer  needle  in  the 
opposite  direction  to  its  former  movement 

If  a  rod  of  iron  or  zinc  be  unequally  heated,  a 
Sf^8011  current  of  thermo-electricity  will  thereby  be  gen- 
erated, which  will  flow  from  the  hotter  to  the  colder 
parts  of  the  circuit.  In  the  case  of  an  unequally 
heated  bar  of  copper  the  direction  of  such  thermo- 
electric currents  is  reversed.  The  effects  thus 
produced  in  unequally  heated  metallic  circuits  are 
called  Thomson  effects.  It  follows,  as  a  result  of 
the  Thomson  effect,  that  when  an  electric  current 
is  sent  through  a  copper  conductor  from  the  part 
that  is  heated  to  the  part  that  is  cooled,  it  meets 
with  an  electro-motive  force  that  opposes  its  pass- 
age, and,  therefore,  develops  heat  energy;  and  that 
when  it  passes  in  the  opposite  direction,  that  is, 
from  the  cold  to  the  hot  part  of  the  copper  conduc- 
tor, it  absorbs  heat. 


IV 

SOME    OTHER    ELECTRIC    SOURCES 

CHAPTER  XXVI 

HEAT   CELLS.      LIGHT   CELLS 

"These  various  attempts  to  solve  the  fascinating  problem  of 
the  direct  production  of  electrical  energy  from  carbon  are  very 
interesting  from  the  scientific  standpoint;  but  the  results  are 
discouraging,  and  the  difficulties  to  be  overcome  appear  to  be 
so  numerous  that  there  does  not  seem  to  be  any  very  great 
hope  that  commercial  success  will  be  achieved,  at  least  at 
present"— Primary  Batteries:   W.  R.  Cooper 

WE  have  already  referred  to  the  fact  that  no 
primary   voltaic  cell  can   compete  withJSJJJ* 
the  dynamo  electric  machine  in  the  eco-J^JSa 
nomical  production  of  electric  current,  since,  in  the^ESX? 
voltaic  cell  we  burn  zinc  in  a  costly  acid,  while  in™**11*8- 
the  case  of  the  steam  engine  which  drives  the  dyna- 
mo we  burn  coal  in  air. 

The  steam  engine,  however,  is  an  exceedingly  in- 
efficient device  for  producing  energy  from  the  burn- 
ing of  coal  in  air.     W.  R.  Cooper  estimates  that,  The  voltaic 
under  ordinary  circumstances,  in  the  case  of  a  goodmorJeffi- 

«  m  j    •  .  •  %  «« cient  device 

modern  steam-driven  generating  plant,  running  all  than  the 
day,  such  as  is  employed  in  electric  lighting  stations  «>*£«. 
for  driving  the  dynamos,  the  efficiency  is  not  apt  to 
be  more  than  6  per  cent,  that  is,  94  per  cent  of  the 
energy  of  the  coal  is  lost  or  expended  elsewhere, 
and  only  6  per  cent  appears  in  the  shape  of  electric 
energy ;  for,  in  a  steam-driven  dynamo  plant,  there 
are  several  conversions  before  the  heat  energy  is 

(42f) 
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converted  into  chemical  energy,  while  in  the  vol- 
taic cell  there  is  but  one.    It  would  seem,  therefore, 
that  it  should  be  possible  to  ensure  a  far  higher  effi- 
ciency of  the  voltaic  cell.    W.  R.  Cooper  discusses 
this  question  at  length  in  his  book  on  "Primary 
Batteries."    He  considers  the  case  of  a  voltaic  bat- 
tery such  as  would  be  required  at  a  central  station 
for  operating  lighting  apparatus,  assuming  it  to  con- 
.  sist  of  ioo  cells  capable  of  producing  a  difference  of 
electric  pressure  of  ioo  volts,  and  of  supplying  1,000 
amperes.    He  finds,  after  making  proper  allowances 
for  the  different  sources  of  loss,  that,  nevertheless, 
it  is  possible  for  such  a  battery  to  have  an  efficiency 
as  high  as  73  }4  per  cent.    At  first  sight,  therefore, 
it  would  appear  that  such  a  voltaic  battery  should 
ttereiatiTe  readily  be  able  to  compete  with  the  steam-driven 
of  eSSS1**  dynamo  in  the  cost  of  electric  current  produced.    Un- 
SKSe-*    fortunately,  however,  the  cost  for  a  given  amount 
JSftafc  bat-  of  electricity  delivered,  does  not  depend  only  on  the 
aiuuB.     efficiency,  but  also  on  the  cost  of  the  materials  em- 
dynamo      ployed,  on  the  cost  of  manufacture,  and  the  hand- 
p  ling  of  the  apparatus,  and  on  the  interest  on  the 

money  expended  for  the  apparatus,  so  that,  even 
with  a  much  higher  efficiency  of  the  voltaic  cell,  the 
cost  of  producing  by  its  means  a  certain  quantity 
of  electricity  is  very  much  higher  than  the  cost  of 
producing  the  same  quantity  by  the  ordinary  steam- 
driven  dynamo. 

It  is  a  necessary  condition  that  the  material  which 
is  consumed  in  the  electrolyte  of  a  voltaic  cell;  i.e., 
for  cheap  the  zinc,  or  the  material  corresponding  to  the  zinc, 
"  that  is,  the  material  which  is  electro-positive  in  the 
liquid,  should  be  cheap.  Moreover,  it  should  be  as 
highly  electro-positive  as  possible,  and  should  be 
capable  of  being  used  in  connection  with  an  electro- 
negative element,  which  is  as  highly  electro-negative 
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as  possible,  so  that  the  E.M.F.'s  of  the  cell  should  be 
large.   While  the  cost  of  such  negative  material  is  of 
importance,  nevertheless,  if  such  material  can  be  em- 
ployed without  becoming  commercially  useless,  its     - 
cost  is  not  a  matter  of  such  great  importance. 

Attempts  have,  therefore,  been  made  to  produce 
practical  cells  in  which  coal,  burning  in  air,  shall  co^Snt 
replace  zinc,  burning  in  acid.    Coal  is  cheap,  and  the cc"8, 
energy  a  given  quantity  of  coal  liberates  is  compara- 
tively great.     It  is,  therefore,  easy  to  see  why  at- 
tempts have  recently  been  made  to  produce  voltaic 
cells  of  an  entirely  new  type,  in  which  the  energy  lib- 
erated by  the  burning  coal  can  be  directly  converted 
into  electric  energy.    If  such  attempts  prove  success- 
ful the  efficiency  of  cells  so  constructed  would  be  far 
greater  than  that  of  the  steam  engine,  provided  al- 
ways that  the  cost  of  construction,  maintenance  of 
the  cell,  and  interest  charges  on  the  same,  do  not  pre- 
vent its  high  efficiency  from  producing  cheap  cur- 
rents.   If,  for  example,  such  cells  could  be  made  to 
produce  currents  whose  relative  cost  as  compared 
with  that  of  dynamos  was  as  73 }4  is  to  12,  then  we 
would  have  such  batteries  producing  electricity  about 
six  times  cheaper  than  it  is  possible  by  the  best 
steam-driven  dynamos  of  to-day;  and,  under  such 
circumstances,  it  is  clear  that  the  steam  engine,  so  far  JJgSK* 
as  its  ability  to  produce  electric  current  is  con-jjjjjjjg- 
cerned,  must  become  a  thing  of  the  past,  since  it081*- 
would  then  be  entirely  replaced  by  the  new  battery. 

Cells  of  the  type  we  have  above  referred  to  may 
be  called  carbon-consuming  cells.  They  must  not  be 
confused  with  cells  of  the  Bunsen  or  Grove  type.  In 
carbon-consuming  cells  the  carbon  is  the  positive 
element  in  the  electrolyte,  since  in  such  cells  the  car- 
bon is  oxidized  or  consumed,  while  in  the  Bunsen  and 
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Grove  cells  the  carbon  is  the  negative  element  in  the 
electrolyte. 

Both  Becquerel  and  Jablochkoff  have  attempted  to 

2Sb«?d   produce  carbon  cells  in  which  rods  of  carbon  are 

coniunung  dipped  in  baths  of  fused  caustic  potash.     In  the 

so-caned     Becquerel  cell  fused  nitre  was  placed  in  platinum 

HK-Trfe      vessels,  and  a  single  carbon  rod  was  brought  to  in- 

oeuple"       candescence  by  being  dipped  in  the  fused  mass. 

This  combination  produced  an  electro-motive  force 

of  about  half  a  volt.     Another  Becquerel  cell  of  a 

somewhat  similar  form,  and  which  may  be  called 

a  pyro-electric  couple,  consisted  of  a  bar  of  cop- 


Fig.  148.— Edison  Cubon-Conmiming  Heat  Cell. 

per  and  a  bar  of  iron  dipped  in  a  mixture  of  fused 
glass  and  carbonate  of  soda. 

In  the  Jablochkoff  cell  the  fused  nitrate  of  potash 
or  soda  was  placed  in  an  iron  vessel.  -  A  rod  of 
on  carbon  was  immersed  in  the  fused  nitrate.  The 
'  electrodes  of  the  cell  consisted  respectively  of 
the  conductors  connected  with  the  iron  vessel 
and  the  carbon  rod. 

In  the  Edison  carbon  cell,  shown  in  Fig.  148,  the 
'  heat  of  the  furnace,  A,  acting  on  the  iron  pot,  B, 
decomposes  certain  oxides,  salts,  or  other  chemical 
compounds,  with  which  it  is  filled.    In  this  manner 
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a  soluble  electrode,  C,  formed  of  carbonaceous  ma- 
terials, is  acted  on  at  high  temperatures.  The  solu- 
ble electrode  rests  on  a  block  of  fire  clay  at  a,  and  is 
surrounded  by  the  fused  mass  in  B.  A  cover,  b, 
also  of  fire  clay,  is  provided  to  prevent  the  loss  of 
heat  and  gases  from  D.  The  terminals  or  electrodes 
of  the  cell  are  shown  at  i  and  2,  connected  respec- 
tively to  the  iron  body  and  to  the  soluble  electrode. 
It  is  claimed  that  the  products  of  the  reduced  oxides 
may  be  re-oxidized  and  used  over  again. 

C.  J.  Reed  has  shown  that  if  two  pieces  of  Besse- 
mer steel,  cut  from  the  same  bar,  so  as  to  ensure  the£ 
same  molecular  structure  and  chemical  composition, 


Fie  us.  -The  Reed  Hat  Cell. 

are  immersed  in  a  fused  mass  of  caustic  soda,  they 
will  show  differences  of  electric  potential,  provided 
they  are  unequally  heated.  Reed  assured  this  un- 
equal heating  by  cutting  a  deep  groove,  such  as  is 
shown  at  A,  in  Fig.  149,  which  is  taken  from  Vol- 
ume XV.  of  the  "Transactions  of  the  American  In- 
stitute of  Electrical  Engineers."  The  other  rod  was 
of  equal  diameter  throughout.  When  these  rods 
were  immersed  in  fused  alkali  contained  in  a  vessel 
of  cast-steel,  A  will  acquire  a  temperature  much 
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higher  than  that  of  B,  owing  to  the  fact  that,  in  B, 
the  heat  is  conducted  away  more  rapidly  than  in  A. 
With  the  differences  of  temperature  so  obtained  an 
electro-motive  force  was  produced  of  something  in 
the  neighborhood  of  one  volt,  under  the  most  favor- 
able conditions.  Generally,  however,  the  values  are 
far  smaller.  Reed  found  that  rods  of  other  ma- 
terials, such  as  carbon,  copper,  and  various  other 
metals,  could  be  substituted  for  steel  rods. 

A  form  of  carbon  cell,  called  the  Jacques  cell, 
is  shown  in  Fig.  150.     This  appears  to  be  a  great 


Fig.  150.— The  Jacques  Heat  Cell. 

improvement  over  pre-existing  cells.  It  consists  of 
carbon  combined  with  iron.  The  fused  caustic  soda 
is  contained  in  an  iron  vessel,  I,  which  acts  as  one  of 
the  plates  of  the  cell.  The  carbon,  C,  is  immersed 
in  the  fused  soda.  A  pump  is  provided  for  the 
purpose  of  driving  a  stream  of  air  through  the  fused 
soda.  This  blast  of  air  is  distributed  by  means  of 
the  device  shown  at  R.    The  cell  is  placed  inside  3 
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furnace,  F,  by  means  of  which  a  temperature  of 
about  932  °  F.  is  maintained.  The  stream  of  air 
passing  through  the  fused  caustic  soda  in  E  oxidizes 
the  carbon  and  forms  carbonic  acid  gas,  most  of 
which  bubbles  through  the  fused  solution  and  es- 
capes, it  is  claimed,  without  action  on  the  fused 
soda.  This  cell  produces  an  E.M.F.  of  about  one 
yolt,  and  is  capable  of  sustaining  a  fairly  strong 
electric  current.  Considerable  doubt,  however,  ex- 
ists as  to  how  the  E.M.F.  is  produced,  some  as- 
serting that  the  E.M.F.  is  really  a  thermo-electric 
E.M.F.,  the  iron  forming  a  heated  junction,  and 
the  carbon,  cooled  by  the  air,  forming  the  cold  junc- 
tion. On  the  other  hand,  it  is  claimed  by  others  that 
the  E.M.F.  is  the  result  of  a  true  chemical  action  on 
the  carbon  element.  The  Jacques  cell,  unfortu- 
nately, develops  considerable  local  action.  The  ex- 
pensive electrolyte  of  this  cell,  however,  as  has  been 
pointed  out  by  Prof.  Elihu  Thomson,  has  a  short  Thom*>n 
life,  owing  to  the  fact  that,  despite  assertions  to  the  jScques 
contrary,  the  carbonic  acid  liberated  does  act  sensi-  wlce  ' 
bly  on  the  fused  soda. 

A  cell  closely  resembling  the  Jacques  cell  is  called 
the  Blumenberg  cell.  This  cell  is  shown  in  Fig.  151. 
Here  the  carbon  element,  C,  is  immersed  in  a  fused 
mixture  of  lime,  caustic  soda  and  cryolite,  contained  Biumen- 
in  an  iron  or  copper  vessel,  D,  which  forms  the  other  cSf 
plate  of  the  cell.  A  stream  of  superheated  steam, 
produced  by  the  heat  of  the  furnace  acting  on  the 
water  in  the  boiler,  B,  forced  through  the  fused  elec- 
trolyte, replaces  the  air  in  the  Jacques  cell,  and,  as  in 
that  cell,  acts  on  the  carbon. 

The  important  problem  of  producing  electricity 
directly  by  the  combustion  of  carbon  has  not,  as  yet, 
been  solved.    The  difficulties  in  the  way  of  this  so- 
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lution  appear  to  be  great.  If,  however,  this  p 
%£%!£?  should  ever  be  solved,  it  wouM  be  difficult  to -estimate 
f?0"pdkct  the  vahie  that  would  thus  be  gfven  to  theworld.  Con- 
o"  ™"ie  sequenrly,  scientific  men  appear  unwilling  to  aban- 
i**''61*-     don  efforts  to  solve  it.    Let  as  hope,  discouraging 

as  is  the  outlook  to-day,  that  in  the  near  future  some 

more  practical  solution  will  be  proposed  than  baa 

been  heretofore. 

SfBgw""      We  have  seen    that  mechanical,  chemical,   and 
t\ninc iDto  thermal  energy  can  be  converted  into  electric  energy. 


We  will  now  show  that  the  energy  of  light  is  also 
capable  of  being  converted  into  electric  energy. 

As  early  as  1840,  Becquerel  constructed  a  cell 
Bccqiwni'i  formed  of  platinunt  plates,  immersed  in  an  alkaline 
This  cell  consisted  of  a  dark  box,  black- 
ened on  the  inside,  so  as  to  prevent  the  reflection  of 
light,  and  divided  into  two  compartments  by  means 
of  a  thin  membraneous  partition.  When  sunlight 
was  allowed  to  fall  on  one  of  the  platinum  plates  the 
illumined  plate  thereby  became  negatively  electri- 
fied as  compared  with  the  liquid.     When  the  alia- 
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line  solution  was  replaced  by  an  acid  solution,  the 
illumined  plate  became  positively  electrified  as  com- 
pared with  the  liquid.  That  these  effects  were  not 
caused  by  the  heat  accompanying  the  light,  was 
shown  by  the  fact  that  no  action  could  be  observed 
when  the  plate  was  illumined  by  any  colored  light  in 
the  spectrum  except  violet,  blue  and  indigo  rays. 
The  best  results  were  obtained  by  the  action  of  vio- 
let light.  This  is  interesting  when  taken  in  con- 
nection with  what  we  have  already  said  concerning 5o£tugbt 
the  effects  of  violet  light,  either  as  to  the  influence  oS£fht 
this  light  has  in  starting  disruptive  electric  dis- 
charges, or  as  to  the  effects  alleged  to  have  been  pro- 
duced by  it  in  magnetizing  a  steel  needle.  Becque- 
rel  also  showed,  when  the  metallic  plates  in  the  cell 
above  referred  to  were  covered  with  such  photo- 
graphic chemical  substances  as  silver  chloride  or 
bromide,  that  at  the  moment  these  substances  are  de- 
composed by  the  action  of  light,  well-marked  electric 
currents  are  produced. 

In   1873,  Willoughby  Smith  called  attention  to 
the  discovery  of  J.  A.  Mayhew,  of  the  power  thatMectof 
light  possesses  of  greatly  changing  the  electric  re"  SSti?"re- 
sistance  of  a  non-metallic  element  named  selenium.  JjgJJJf1 
This  element  is  somewhat  allied  to  sulphur,  and  was 
discovered  by  the  chemist  Berzelius,  in  a  red  de- 
posit found  at  the  bottom  of  the  lead  chambers  em- 
ployed in  the  manufacture  of  sulphuric  acid.    Simi- 
lar properties  are  possessed  by  telurium,  though  in 
a  smaller  degree. 

Selenium  occurs  in  two  different  forms;  viz.,  in 
the  vitreous  form,  and  in  the  form  of  an  amorphous  JJiSric  re- 
red  powder.     Fused  vitreous  selenium  possesses  an  22312^ 
extremely  high  electrical  resistance,  a  rod  of  a  given 
area    of    cross-section    and    length    having    some 
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38,000,000,000  times  the  resistance  of  a  copper  rod 
of  equal  length  and  area  of  cross-section. 

The  curious  property  possessed  by  selenium  of  hav- 
ing its  electric  resistance  lowered  by  light  has  caused 
numerous  investigations  to  be  made  with  the  idea  of 
ascertaining,  if  possible,  the  reason  for  such  changes. 
We  will  briefly  refer  to  a  few  of  these  investigations. 
In  1877,  Messrs.  Adams  &  Day  published  in  the 
"Philosophical  Transactions"  for  that  year,  the  re- 
sults of  numerous  experiments  they  had  made  in 
this  direction.     As  a  result  of  these  investigations 
conduc     they  reached  the  conclusion  that  the  electric  conduc- 
sdienium  a  tivity  of  selenium  differed  from  the  electric  oonduc- 
SSroi?tic  tivity  of  metallic  conductors,  partaking  of  that  kind 
conduction  o|  conduction  which  occurs  when  electric  currents 
pass  through  conducting  liquids  called  electrolytes, 
in  which  the  liquid  is  decomposed  by  the  passage  of 
the  current.     In  other  words,  that  this  conduction 
was  electrolytic  conduction,  and  not  metallic  con- 
duction. 

In  1885,  C.  E.  Fritts,  of  New  York,  conducted  a 
series  of  investigations,  which  resulted  in  the  pro- 
duction of  selenium  cells  much  more  effective  and 
more  sensitive  to  light  than  those  heretofore  pro- 
duced. In  the  Fritts  cell,  the  selenium  was  formed 
Method      in  very  thin  plates,  under  circumstances  that  caused 

employed 

byFntts  the  opposite  faces  of  the  plates  to  become  polarized, 
selenium  or  to  exist  in  different  electrical  conditions.  This 
was  accomplished  by  pouring  melted  selenium  on  a 
very  thin  plate  of  some  metal  with  which  it  could 
enter  into  a  kind  of  chemical  combination,  at  least 
to  such  an  extent  as  to  permit  it  to  adhere  to  the 
plate.  In  this  manner  the  selenium  plate  is  pro- 
vided with  a  backing  of  good  conducting  metal, 
and   therefore  has   its   electric  resistance  greatly 
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decreased.  While  the  plate  was  cooling,  and,  con- 
sequently, undergoing  crystallization,  it  was  sub- 
jected to  pressure  applied  against  a  plate  of  steel, 
or  some  other  metal  with  which  it  could  not  enter  o/tET41*8 
into  combination.  By  these  means,  on  the  removal  nhSfcSS! 
of  the  steel  plate,  Fritts  obtained  a  thin  plate  of 
selenium  in  a  granular  or  crystalline  condition,  uni- 
formly polarized  as  regards  the  condition  of  its 
opposite  faces,  and  fairly  conducting  by  reason  of 
the  metallic  backing  provided  by  the  thin  sheet  of 
metal  with  which  it  entered  into  partial  combination. 
At  the  same  time,  when  the  non-adherent  plate  of 
steel  was  removed  from  the  free  selenium  surface, 
this  surface  was  covered  with  a  plate  of  gold,  so 
thin  as  to  readily  permit  light  to  pass  through  it, 
and  so  fall  on  the  free  selenium  surface. 

Selenium  cells  as  prepared  by  Fritts  are,  it  is 
claimed,  far  more  sensitive  to  light,  and  produce  SjgUgjJSJJ 
better  results,  than  those  made  by  any  pre-existing £2skEiii 
process.     When  compared  with  cells  prepared  by^J^11111 
Dr.  Werner  Siemens,  which  were,  probably,  the  best 
of  pre-existing  cells,   the   following  results  were 
obtained.     While  the  Siemens  cells  were  some  14.8 
times  more  conducting  in  sunlight  than  in  the  dark, 
those  made  by  the  Fritts  process  were  337  times 
more  conducting  in  light  than  in  the  dark. 

In  order  to  obtain  the  best  results  by  the  Fritts 
process,  it  is  necessary  that  the  cell  be  protected 
from  light  when  not  in  use.     It  must  not,  however,  Re*  neces- 

88XV  for 

be  inferred  from  this  that  the  cells  act  best  when  proper 
but  little  used.     On  the  contrary,  the  best  results  ^enium 
are  obtained  when  the  cells  are  in  daily  use,  pro- 
vided necessary  intervals  of  rest  are  given  to  them. 

The  Fritts  selenium  cell  is  subject  to  a  marked 
decrease  in  electric  resistance.    It  sometimes  changes 
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from  a  high  resistance  of  200,000  ohms  to  the  value 
JSS^ce   of  but  a  few  ohms.    The  cell  is  most  sensitive  to 
Ktaium    Hght  when  its  normal  resistance  is  high.     A  cell 
c€f1,         whose  resistance  has  become  abnormally  low  can  be 
restored  to  its  ordinary  resistance ;  i.e.,  to  its  ability 
to  act  as  a  selenium  cell,  by  the  passage  of  an  alter- 
nating current  through  it. 

In  a  series  of  investigations  by  Mr.  Bidwell,  pub- 
Bidweirs  lished  in  the  "Philosophical  Transactions"  for  Sep- 
gationl  tember,  1895,  the  conclusion  is  reached  that  the 
electric  conductivity  of  selenium  depends  principally 
upon  the  presence  of  impurities  in  the  selenium,  and 
that  such  impurities  consist  principally  of  metallic 
selenides,  such,  for  example,  as  a  selenide  of  copper. 
He  also  concludes  that  it  is  due  to  the  presence 
of  these  selenides  that  the  plate  conducts  electro- 
lytically,  the  action  of  light  being  to  increase  the 
ease  with  which  the  selenium  enters  into  chemical 
combination  with  the  metals.  He  points  out  the 
fact  that  the  specific  resistance  of  selenium,  that  is, 
its  resistance  per  unit  of  length  and  area  of  cross- 

Action  of    s^*1011*  is  very  high,  and  that  it  is  not  by  prolonged 
cliidc^n-  heating  that  a  mass  of  selenium  is  made  better 

p?e«n?c  of  conducting,  unless  it  is  at  the  same  time  in  contact 
selenides.    wjtj1  a  piate  0f  metal,  such  as  copper,  with  which  it 

can  enter  into  combination.  In  order  to  test  this 
conclusion,  he  found  that  a  selenium  cell,  the  plates 
of  which  contained  a  mechanical  admixture  of  2% 
of  the  selenide  of  copper,  would  produce  a  cell  which 
acted  better,  both  as  regards  conductivity,  and  sen- 
sitiveness to  light,  than  another  cell  made  from 
ordinary  selenium,  that  had  been  annealed  for 
^Sorted  sacral  hours,  while  not  in  contact  with  a  substance 
from  air     wjth    which    it    could    combine.      He    finds   that 

Dy  porous  . 

2Jgj2£e  crystalline    selenium    is    porous,    and    is    capable 
of  absorbing  moisture  from  the  air,  and  believes 
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that  this  moisture  acts  to  decrease  the  electric 
resistance. 

Bearing  in  mind  that  light  is  an  electro-magnetic 
radiation,  attention  has  been  called  to  the  similarity 
between  the  decrease  that  occurs   in  the  electric 

# 

resistance  of  a  selenium  plate  on  exposure  to  sun- 
light, and  the  decrease  in  the  resistance  of  the  coherer 
employed  in  the  receiving  apparatus  in  wireless  teleg- 
raphy. It  has  been  suggested  that  possibly  this  de- 
crease in  resistance  is  similar  to  that  which  occurs 
in  wireless  telegraphic  apparatus  by  the  coherence  of 
the  metallic  filings  of  the  coherer.  This,  how- 
ever, is  only  a  suggestion,  and,  we  believe,  no  ex- 
perimental evidence  has  been  adduced  in  its  favor. 

Photo-electric  cells,  of  the  Fritts  type,  can  be  made  Photo- 
to  act  as  electric  generators,  and  can  be  coupled  LSerfcs. 
together  in  multiple  as  photo-electric  batteries. 
Such  photo  batteries  will  produce  electric  currents 
by  mere  exposure  to  light.  These  currents  result 
as  a  conversion  of  light  energy  into  electric  energy, 
the  current  immediately  appearing  as  soon  as  the 
light  falls  on  the  face  of  the  cell,  and  disappearing 
as  soon  as  the  light  is  removed. 

The  high  resistance  of  the  selenium  cell  makes  „ 

°  _  How  com- 

it  necessary  to  obtain  a  short  length  of  material,  j»rativeiy 
together  with  a  great  area  of  cross-section.  By  em-  r^JgH^ 
ploying  very  thin  plates  of  selenium  between  plates  |£1£lenium 
of  copper  and  gold,  as  has  already  been  described, 
Fritts  obtained  cells,  the  terminals  of  which  con- 
sisted of  conductors  connected  with  the  plates  of 
gold  and  copper.     The  decrease  in  the  resistance 
of  a  selenium  cell  can  also  be  obtained  by  the  ar- 
rangement shown  in  Fig.  152.     Here  the  selenium 

is  placed  in  a  thin  layer  between  two  brass  wires, 
VoL  1 -20 
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a  and  b.  By  connecting  the  ends  of  a  to  the 
metal  plate  d  d,  and  the  ends  of  the  b  to  the  metal 
plate  c  c,  there  is  ensured  a  comparatively  great 
extent  of  selenium  coupled  with  small  thickness. 

iiumUni'"      Selenium  cells  are  suitable  for  use  in  connection 

JSlhon?°"  w'm  ***  Pnotophone,  an  instrument  by  means  of 

which  conversation  can  be  carried  on  along  rays 


of  light.     We  will  describe  this  instrument  in  con- 
nection with  the  telephone  in  a  subsequent  volume. 

The  fact  that  a  selenium  cell  is  capable  of  trans- 
.  iforming  the  energy  of  light  direct  into  electric 
photomeier  energy,  has  been  utilized  in  the  construction  of  a 
photometer,  the  name  given  to  an  instrument  for 
measuring  the  intensity  of  the  light  emitted  by  any 
source.  Photometers  are  employed  when  it  is  de- 
sired to  ascertain  whether  the  intensity  of  the  electric 
or  gas  light,  sold  by  different  companies  to  con- 
sumers, comes  up  to  the  legal  requirements.  In 
the  selenium  photometer  the  intensity  of  the  light 
is  measured  by  permitting  the  light  to  fall  on  the 


a  machine  tool  ii 
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surface  of  a  photoelectric  cell,  and  then  determin- 
ing the  strength  of  the  current  so  produced  by  the 
deflection  of  the  needle  of  a  galvanometer  through 
whose  coils  this  current  has  been  caused  to  pass. 
In  another  form  of  selenium  photometer  the  inten- 
sity of  an  unknown  source  of  light  is  compared 
with  that  of  the  standard  light,  by  comparing  the 
strength  of  the  photo-electric  current  produced  by 
each,  by  means  of  the  deflections  they  respectively 
cause  in  the  needle  of  a  galvanometer. 


Automatic 


The  photo-electric  cell  has  been  employed  in  a 
variety  of  automatic  apparatus.  Among  such  may  $ESS? 
be  mentioned  an  automatic  regulator  for  maintain-  SgL 
ing  constant  the  intensity  of  an  electric  light  pro-  Hght?c  nc 
duced  by  an  incandescent  lamp,  operated  by  a  battery 
current.  The  battery  furnishing  the  lighting  cur- 
rent is  provided  with  a  switch,  whose  movement  in 
one  direction  under  the  action  of  a  spring,  increases 
the  strength  of  the  battery  current,  and  whose  move- 
ment in  the  opposite  direction,  under  the  action  of  an 
electro-magnet,  decreases  the  current  strength  by 
the  introduction  of  electric  resistances  into  its  circuit.  ^ 

Photo- 

The  electro-magnet  is  operated  by  photo-electric  electric 
currents  generated  by  the  light  from  the  lamp  falling 
on  the  face  of  a  photo-electric  cell.  If  now  matters 
are  so  arranged  that  when  the  light  is  of  the  de- 
sired amount,  the  spring  and  the  electro-magnet 
balance  each  other,  the  switch  is  unaffected;  but  if 
too  much  light  is  produced,  then,  the  photo-electric 
current  being  increased,  the  electro-magnet  so  moves 
the  switch  as  to  decrease  the  current ;  while,  on  the 
contrary,  if  the  amount  of  light  becomes  too  feeble, 
the  spring  moves  the  switch  so  as  to  increase  the 
current.  In  this  way  an  automatic  regulation  of  the 
voltaic  battery  is  effected,  so  that  the  light  it  produces 
remains  constant. 
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Selenium 
eye. 


Another  curious  device  obtained  by  means  of  the 
photo-electric  cell  takes  the  form  of  an  apparatus 
sometimes  called  the  selenium  eye,  from  the  fact 
that,  like  the  human  eye,  it  can  automatically  regu- 
late the  quantity  of  light  that  passes  through  it. 
As  is  well  known,  the  human  eye  is  capable  of 
thus  regulating  the  quantity  of  light  that  enters  it, 
by  an  automatic  opening  and  closing  of  the  pupil. 
If  too  much  light  enters  the  eye  the  pupil  contracts ; 
if  too  little  enters  it,  the  pupil  dilates,  or  opens,  so 
that  the  amount  of  light  is  maintained  approximately 
constant.  Now,  in  the  artificial  selenium  eye,  a 
shutter  is  so  devised  as  to  be  able,  by  the  movements 
of  an  electro-magnet,  to  be  opened  and  closed  in  a 
manner  similar  to  the  dilatation  and  contraction  of 
the  pupil  of  the  eye.  A  selenium  cell  is  placed  inside 
a  chamber  provided  with  such  a  shutter.  If  too  much 
light  enters  this  chamber,  the  photo-electric  current 
thereby  produced  causes  the  electro-magnet  to  par- 
tially close  the  shutter.  If  too  little  light  enters-  the 
automatic  chamber,  the  decrease  in  the  strength  of  the  photo- 
operaS?11  electric  current  permits  a  spring  connected  with  the 
electro-magnet  to  partially  open  the  shutter,  and 
thus  let  in  more  light. 


How  the 
selenium 
eye  or 


Selenium 

burglar 

alarm. 


Another  very  curious  device  is  found  in  the 
selenium  burglar-alarm,  in  which  a  burglar  auto- 
matically reveals  his  presence  in  a  building  at  night 
by  means  of  electric  currents  generated  by  the  light 
of  his  dark  lantern  falling  on  the  face  of  a  photo- 
electric cell.  The  current  produced  in  this  manner 
is  caused  to  sound  an  alarm  in  a  neighboring  police 
station,  the  burglar  thus  unwittingly  calling  the 
police  to  arrest  him. 

We  will  mention  but  one  more  of  a  number  of 
equally   curious   applications   of  the  photo-electric 
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cell.  This  consists  of  a  device  for  automatically 
turning  on  an  electric  light,  at  the  approach  of  night, 
and  turning  it  off  at  the  approach  of  day.  This  is 
accomplished  by  means  of  an  electro-magnet  operated  dayS?1* 
by  the  photo-electric  currents  produced  by  light,  SJSteh. 
the  increasing  light  of  day  producing  a  current  suf- 
ficiently strong  to  open  a  switch,  thus  cutting  off  the 
electric  light,  while  the  decrease  in  the  strength  of  the 
current,  on  the  approach  of  night,  permits  a  spring 
to  close  such  circuit  and  light  the  lamp. 


( 
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CHAPTER  XXVII 

SOME  OTHER   FORMS  OF  CELLS 

"Lippmann  has  observed  that  the  capillary  effects  mani- 
fested between  mercury  and  acidulated  water  depend  on  the 
difference  of  potential  of  the  two  liquids,  and  conversely  that 
the  difference  of  potential  of  the  liquids  is  modified  when 
the  magnitude  of  the  surface  of  contact  is  changed  by  external 
forces." — Electricity  and  Magnetism:    Mascart  and  Joubekt 

N  addition  to  the  various  electric  cells  already  de- 
scribed for  producing  electric  current  by  the 
conversion  of  chemical,  thermal  or  luminous 
energy  into  electric  energy,  there  are  a  number  of 
tfc2?ch££  other  cells  that  it  will  be  well  to  describe,  before 
ISdUtfrt    leaving  this  part  of  the  subject  of  the  generation  of 
ccU8,         the  electric  current. 

It  might  naturally  be  thought  that  when  two 
liquids  of  different  densities,  which  are  capable  of 
mixing  with  each  other,  are  placed  in  vessels  com- 
municating by  means  of  a  porous  wall  or  parti- 
osmose,  or  tion,  through  which  both  liquids  can  pass,  that  the 
SuSpS*1  mixing  will  take  place  equally  through  the  separating 
Sroug^a 8  wall.    This,  however,  is  not  so.    A  greater  quantity 
Mrraabie  of  one  of  the  liquids  than  of  the  other  will  pass,  so 
o  both.      t^a^  although  their  upper  surfaces  were  on  the  same 
level,  or  equal  at  the  start,  the  level  of  one  of  the 
liquids  soon  rises  considerably  above  that  of  the 
other.    This  phenomenon  is  called  osmose. 

If  a  solution  of  sugar  and  water  be  placed  in  a 
moist  pig's  bladder,  B,  Fig.  153,  the  neck  of  which 
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is  securely  fastened  to  a  straight  glaSs  tube,  T,  and 
the  bladder  be  then  immersed  in  a  vessel,  V,  of  pureSSE^of 
water,  so  that  the  level  of  the  sugar  and  water  in^™^^r 
the  glass  tube  is  the  same  as  the  level  of  the  pure"lut">B" 
water  in  the  glass  vessel,  the  liquids  will  begin  to 
mix  by  osmose,  the  sugar  and  water  passing  through 
the  pores  of  the  bladder  into  the  pure  water  in  the 
outer  vessel,  and  the  pure  water  passing  into  the 


denier  liquid,  the  ugir  nolutiou,  monnt»  above  tbe  lea  dense  liquid,  the  pure 

sugar  and  water  in  the  bladder.  The  latter  current, 
however,  is  the  stronger  of  the  two,  as  will  be  seen 
by  the  surface  of  the  liquid  gradually  mounting  in 
the  glass  tube  to  some  point,  S,  above  the  level  of 
the  water  in  the  glass  vessel. 

Porret  found  that  when  a  fairly  strong  electric  !*■***■ 
current    is    sent,    under   the   above   circumstances,  o<  eieetnc 
through  a  porous  partition  from  one  liquid  to  the 


448  ELECTRICITY   IVF   EVERYDAY  LIFE 

other,  a  portion  of  the  liquid  is  carried  mechanically 
along  with  the  current,  so  that  the  level  rises  on  the 
side  toward  which  the  electric  current  flows.    Since 
the  current  flows  from  the  positive  to  the  negative 
terminal,  the  higher  level  of  the  liquid  will  be  found 
on  the  side  connected  with  the  negative  terminal; 
noiiemMr  i>6;  more  liquid  will  be  found  on  the  side  connected 
Snpoorir    with  the  cathode,  than  on  the  side  connected  with 
Squids!      the  anode.     This  phenomenon  is  called  electric  os- 
mose, in  order  to  distinguish  it  from  the  ordinary 
osmose,  above  referred  to.     The  difference  in  the 
liquid  levels  so  produced  is  most  marked  in  cases 
where  poorly  conducting  liquids  are  employed,  such 
as  bi-sulphide  of  carbon  and  alcohol. 

As  the  converse  of  this  proposition,  Quincke,  in 
1859,  discovered  that  when  one  of  the  liquids  in 
the  preceding  device  is  forced,  by  pressure,  through 
a5£very8of  the  porous  partition,  or  diaphragm,  as  it  is  some- 
currents,  times  called,  electric  currents  are  thereby  produced. 
These  currents  are  called  diaphragm  currents.  The 
electro-motive  forces  produced  in  this  way  depend 
on  the  character  of  the  liquids  employed,  on  the  ma- 
terial of  which  the  diaphragm  is  composed,  and  on 
the  amount  of  the  pressure  that  forces  the  liquid 
through  the  pores  of  the  diaphragm.  Electro-motive 
forces  as  great  as  nine  volts  can  be  obtained  by  forc- 
ing water  under  the  pressure  of  fifteen  pounds  to  the 
square  inch  through  a  plate  of  sulphur.  Here,  then, 
we  have  another  electric  source  in  which  mechanical 
energy  is  changed  into  electric  energy,  a  portion  of 
the  energy  required  to  force  the  liquid  through  its 
pores  in  the  diaphragm  appearing  as  electric  energy. 

The  phenomena  of  diaphragm  currents  and  elec- 
tric osmose  are  connected  with  the  passage  of  liquids 
through  the  short  capillary  or  fine,  hair-like  tubes 
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that  form  the  pores  of  the  diaphragms.    Lippmann, 
Dewar,  and  others,  have  made  a  careful  study  of  the  ImpD^ar 
electric  and  mechanical  effects  produced  in  capillary  S^^S™ 
tubes  under  certain  conditions,  and  have  studied  the  EJ^dnjf 
conditions  under  which  the  passage  of  electric  cur- trough 
rents  sets  up  a  flow  of  liquids  through  capillary  tubes,  SfiSf17 
and,  conversely,  the  forced  flow  of  liquids  through 
capillary  tubes  sets  up  electric  currents. 

When  a  globule  of  mercury  is  placed  below  a  sur- 
face of  sulphuric  acid  diluted  with  water,  electro- 
motive forces  are  produced  by  the  contact  of  the 
mercury  and  the  acid  solution,  so  that  certain  differ-  ejmlp/s 
ences  of  electric  pressures  are  produced  between  theSJ^SSSiry 
mercury  and  the  acid  solution.     The  two  surf  aces,  toSSS?1 
however,  do  not  actually  touch  each  other,  but  areSlS!lunc 
separated  by  a  very  small  space.    Consequently,  the 
globule  of  mercury,  and  the  liquid  which  surrounds 
it,  act  as  a  minute  Leyden  jar,  or  condenser,  the  ca- 
pacity of  which,   though   small,   is  definite.     The 
globule  of  mercury  possesses  a  certain  surface  ten- 
sion, which  may  be  varied  mechanically  either  by 
shaking  the  globule,  or  by  moving  it  from  one  place 
to  another,  and  any  of  these  changes  will  alter  the 
capacity  of  the  miniature  Leyden  jar.    The  passage 
of  an  electric  current  will  also  cause  a  variation  ingMnSn 
the  surface  tension,  that  will  be  accompanied  by  aSnwaSs. 
movement  of  the  globule.    The  device,  therefore,  is 
capable  of  converting  either  mechanical  energy  into 
electric  energy,  or  electric  energy  into  mechanical 
energy. 

• 

If  an  iron  wire  be  dipped  below  the  surface  of 
the  dilute  sulphuric  acid,  referred  to  above,  so  astf^1*.. 

11  *    t     i         ,.  .  .      automatic 

to  just  touch  the  globule  of  mercury  on  one  side,  {*£3£r 
a  change  in  the  shape  of  the  globule,  due  to  dif- 
ferences of  potential  caused  by  contact,  will  take 
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place,  the  globule  becoming  more  rounded.  This 
change  causes  the  globule  to  draw  itself  away  from 
the  wire,  thus  breaking  contact  with  it.  The  glob- 
ule then  is  flattened  out  by  gravity  and  again  touch- 
ing the  wire,  alters  in  shape  and  thus  again  breaks 
its  circuit.  In  this  manner  an  automatic  opening 
and  closing  of  the  circuit  will  thus  be  set  up  and 
maintained  for  a  considerable  length  of  time.  In- 
terrupters for  automatically  opening  and  closing 
an  electric  circuit  have  been  constructed  on  similar 
principles. 

Very  sensitive  capillary  electrometers  have  been 
devised  by  Lippmann,  Dewar,  and  others,  on  the 
above  principle.  Dewar's  form  of  such  an  electrom- 
eter is   shown  in   Fig.    154.     Here,  a  horizontal 


Great  sen- 
sibility of 
capillary 
electrom- 
eters. 


Fig.  154.— Dewar' 9  Capillary  Electrometer. 

glass  tube  has  its  free  ends  immersed  in  two  ves- 
sels, M  and  N,  filled  with  mercury,  and  is  itself  filled 
with  mercury,  except  the  small  quantity  of  dilute 
sulphuric  acid  shown  at  B.  If  an  electric  cur- 
rent be  sent  through  the  tube  by  means  of  the  con- 
ducting wires  that  are  shown  dipping  into  the 
mercury  in  the  two  vessels,  a  movement  of  the 
drop  of  acid  will  take  place  toward  the  negative 
pole  of  the  circuit.  Where  the  electro-motive  force 
employed  does  not  exceed  one  volt,  the  amount  of 
these  movements  increases  with  the  value  of  the 
electro-motive  forces  applied,  so  that  the  apparatus 
is  capable  of  being  used  as  an  electrometer.  Electro- 
capillary  electrometers  are  so  exceedingly  sensitive 
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that  they  are  capable  of  measuring  the  one-ten-thou- 
sandth of  a  volt. 

A  form  of  capillary  electrometer  devised  by  Lipp- 
mann  is  shown  in  Fig.  155.  It  consists  of  a  glass 
tube,  A,  the  lower  extremity  of  which  is  of  very  fine 
bore  or  internal  diameter;  i.e.,  of  capillary  or  hair- ^3gJJ?l|,i 
like  dimensions.  This  tube  is  partly  filled  with  mer-  «J^trom- 
cury  and  dipped  below  the  surface  of  mercury  con- 
tained in  the  vessel  B.  Dilute  sulphuric  acid  is 
placed  in  B,  and  rests  on  the  surface  of  the  mercury 


Pig.  155.— Lippmann's  Capillary  Electrometer. 

in  the  lower  part  of  B.  Under  these  circumstances 
the  mercury  is  kept  at  a  certain  height,A,  by  the  sur- 
face tension  of  the  mercury  at  the  capillary  or  lower 
end  of  the  glass  tube.  On  the  passage  of  a  current 
through  the  instrument,  by  connection  of  an  electric 
source  with  the  conducting  wires  at  p  and  />',  a  move- 
ment of  the  mercury  column  in  A  will  take  place; 
and,  from  the  extent  of  this  movement  the  value  of 
the  electro-motive  force  can  be  determined. 

Some  experiments  made  in  1855,  by  Krouchkoll,  Krouchkoii 
show  that  when  mercury  is  driven  through  metallic 
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capillary  tubes,  electric  currents  may  be  produced, 
provided  very  high  pressures  are  employed;  i.e., 
pressures  above  fifteen  atmospheres. 

In  1867,  Balsamo  produced  weak  electric  currents 
by  means  of  what  he  called  a  magneto-chemical  cell. 
This  cell  consists  of  two  magnetized  steel  bars  of 
the  same  size,  construction,  and  condition  of  sur- 
face, whose  north  and  south  poles  are  respectively 
immersed  in  a  solution  of  oxalic  acid. 


Another  curious  form  of  cell  is  found  in  what  is 
sometimes  called  an  impulsion  cell.  It  consists  of  a 
variety  of  photo-electric  cell  whose  sensitiveness  to 
c3CuWon  light  may  be  either  destroyed  or  restored  by  slight 
impulses  given  to  the  plates,  as  by  blows,  taps,  or 
electro-magnetic  impulses.  A  form  of  impulsion 
cell  is  shown  in  Fig.  156.    Here  a  glass  tube,  A  B, 


Flo.  156.— Impulsion  Cell,  a  peculiar  rariety  of  photo-electric  or 

selenium  cell. 

filled  with  methylic  alcohol  is  provided  with  two 
aluminium  plates,  P  and  Q,  connected  to  platinum 
wires  p  and  q,  connected  with  the  terminals  or  elec- 
trodes, A  and  B,  of  the  cell.  The  surface  of  one  of 
the  aluminium  plates,  P,  is  covered  with  a  thin  layer 
of  selenium,  sensitive  to  the  action  of  light ;  while  the 
other  plate,  Q,  is  left  as  a  clean  plate  of  aluminium. 
When  the  sensitive  plate  is  exposed  to  light,  the 
production  of  a  photo-electro-motive  force  is  indi- 
cated by  the  movement  of  the  spot  of  light  from  the 
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mirror  of  the  electrometer,  E,  connected  by  conduct- 
ing wires  with  the  terminals  of  the  impulsion  cell. S2Sto- 
If  at  any  time  while  the  cell  is  in  a  sensitive  con-pul8ioneeU 
dition,  a  slight  tap,  blow,  or  impulse  be  given  it, 
as  for  example,  by  a  single  gentle  tap,  the  cell  will 
instantly  lose  its  sensitiveness  to  light.  But  if,  after 
resting  in  the  dark  for  an  hour  of  so,  another  slight 
tap  be  given  to  it,  the  cell  will  again  instantly  regain 
its  sensitiveness  to  light  Thus  opposite  conditions 
or  changes  can  be  obtained  in  this  manner  by  suc- 
cessive taps,  for  an  indefinite  number  of  times. 

a 

It  is  interesting  to  note  in  this  connection  that 
if  a  disruptive  discharge  be  made  in  the  neighbor- 


Pig.  157. — Concentration  celt 


hood  of  an  impulsion  cell,  so  that  the  violet  rays  Actio* 
of  the  spark  may  fall  on  the  sensitive  selenium Sghton im- 

*  »         *  *  <  «  1  •   •        pulsion  cell 

plate,  it  will  at  once  restore  the  sensitive  condition 
to  a  cell  that  has  lost  its  sensitiveness. 


There  is  still  another  manner  in  which  electric 
energy  may  be  obtained  from  a  cell  in  which  the  only 
change  that  takes  place  is  a  change  in  the  degree  of 
concentration  of  the  solutions  in  which  the  electrodes 
dip  or  are  immersed.  Such  a  cell,  called  a  concentra- 
tion cell,  is  shown  in  Fig.  157.  It  consists  of  two 
plates  of  metallic  zinc  immersed  in  concentrated  and 
dilute  solutions  of  sulphate  of  zinc,  separated  from 
each  other  by  a  suitable  porous  diaphragm.    Under 
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these  circumstances,  an  electric  current  is  produced, 
whose  direction  is  indicated  by  the  feathered  arrows. 
During  action  changes  occur  by  means  of  which  the 
dilute  solution  tends  to  become  more  concentrated, 
and  the  concentrated  solution  tends  to  become  more 
dilute.  The  exact  manner  in  which  the  electro- 
motive forces  are  produced  in  concentration  cells 
has  not  as  yet  been  fully  determined.  The  E.M.F.'s 
are  not  due  to  chemical  actions  since  no  chemical 


Fig.  I j!.— Kdlaon'i  Pyro-magnetic  Generator.  Much  waseipected  fromibia 
dericc  Id  the  way  of  cheep  electric  current.  It  haa  now  taken  lot  place,  how- 
ever, among  the  many  similar  device*  that  hare  been  weighed  in  the  balance  of 
actual  trial  and  found  wanting. 

solution  occurs  in  either  plate,  the  only  change  being 
in  the  degree  of  concentration  of  the  liquid. 

A  generator,  capable  of  producing  electric  cur- 
rents, under  the  combined  influence  of  heat  and 
magnetism,  is  shown  in  Fig.  158.  This  generator 
is  an  invention  of  Edison,  and  is  called  the  pyro- 
magnetic  generator.  It  consists  of  an  armature 
formed  of  eight  electro-magnets,  each  of  which  is 
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provided  with  the  usual  coils  of  insulated  wire, 
wrapped  around  cones  of  iron  and  nickel,  and  pro- 
tected by  a  covering  of  asbestos  paper.  By  means 
of  a  belt,  acting  on  a  pulley,  this  armature  is  caused 
to  rotate  between  the  poles  of  electro-magnets.  The 
heat  of  a  fire  in  a  stove  is  caused  to  heat  one-half 
of  the  iron  armature,  by  the  action  of  a  guard  plate 
that,  during  rotation,  cuts  off  the  heat  from  one-half 
of  the  armature.  These  differences  in  temperature 
cause  differences  in  the  quantity  of  magnetic  flux 
that  passes  through  the  coils  of  wire  on  the  armature, 
and  so  produce  electro-motive  forces  therein.  The 
apparatus,  therefore,  operates  in  a  manner  somewhat 
similar  to  the  ordinary  dynamo-electric  machine. 
It  forms  one  of  the  many  devices  that  have  been 
produced  in  the  attempt  to  obtain  electricity  directly 
from  the  burniag  of  coal  in  air.  The  pyro-magnetic 
generator  is  unfortunately  not  a  commercial  success. 

Living  animals  and  plants  are  to  be  regarded  as  UvH 
electric  sources.    The  existence  of  electric  currents  in  and  plants 

at  electric 

living  animals  can  readily  be  demonstrated.  We  source*, 
do  not  mean  in  such  special  animals  as  the  electric 
ray,  torpedo  or  eel,  but  all  ordinary  animals.  We 
have  already  seen  how  Galvani  deceived  himself, 
in  believing  that  in  his  famous  experiments  with  • 
the  frog's  legs,  he  had  actually  demonstrated  the 
existence  of   electric   currents.      Afterward,   how-       _, 

Experi- 

ever,  though  by  other  means,  both  Galvani,  Aldini,  gjf^f 
Nobili,  Matteucci,  Du  Bois-Reymond,  and  others,  ff ffi*. 
proved  conclusively  that  electric  currents  exist  in  allfE?^^. 
living  animals.    Nobili  demonstrated  that  when  the  Raymond 

°  on  the  eteo* 

nerves  and  the  muscles  of  a  recently  killed  frog  weretrjcjjy^ 
connected  under  conditions  in  which  no  chemical 
action  was  possible,  an  electric  current  was  produced, 
and  even  made  a  series  battery  of  such  elements,  by 
suitably  connecting  them  so  as  to  augment  the 
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electro-motive  force,  and,  consequently,  increase  the 
total  current  produced. 

Experiments  made  by  Becquerel  and  Matteucci 
demonstrate  that  when  the  muscles  of  living  animals 
are  strongly  contracted  electric  currents  are  thereby 
SSShof     produced.     Matteucci  succeeded  in  producing  con- 
Matteucci  tractions  in  the  muscles  of  a  recently  killed  frog,  by 
Reymond.  means  of  electric  currents  produced  by  contractions 
in  the  body  of  a  living  frog.     Du  Bois-Reymond 
also  produced  ^electric  currents  by  the  muscular  con- 
tractions of  his  arms.    By  connecting  the  terminals 
of  a  sensitive  galvanometer  with  saline  solutions 
placed  in  two  glass  vessels,  and  then  dipping  the  tips 
of  his  fingers  in  such  solutions,  after  strong  contrac- 
tion of  the  muscles  of  his  arms,  the  needle  of  the 
galvanometer  was  deflected,  showing  that  electric 
currents  were  thereby  produced. 

As  was  quite  natural  in  so  difficult  a  subject,  much 
difference  of  opinion  existed  as  to  the  causes  of  the 
dectric  currents  present  in  the  bodies  of  healthy  ani- 
mals during  the  conditions  of  ordinary  life.  De  la 
Rive,  who  h^s  given  this  matter  much  careful  study, 
thus  gives  his  opinion  and  that  of  Matteucci.  It 
«  will  be  seen  that  De  la  Rive  agrees  only  in  some 
respects  with  the  latter  philosopher : 

"It  follows,  from  the  detailed  study,  that  we  have 
just  been  giving,  that  the  body  of  a  living  animal 
on  cLae™  may  be  regarded  as  the  seat  of  an  innumerable  multi- 
eieSridty.  tude  of  electric  currents,  the  greater  portion  of  them 
having  only  local  circuits ;  it  is  the  derived  portions 
of  these  currents  that  we  succeed  in  collecting  by 
experiment.  But,  when,  by  the  effect  of  the  will, 
or  of  another  .cause  acting  directly  upon  the  nerve, 
its  electric  state  is  modified,  the  corresponding  local 
current  is  transformed,  if  not  entirely,  at  least  in 
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part,  into  a  current,  the  more  considerable  circuit 
of  which  comprehends  then  the  nerve  and  the  cor- 
responding muscle ;  and  the  effects,  that  we  have  been 
pointing  out,  result  from  it. 

"We  shall  not  quit  this  subject  without  remark- 
ing, that  we  are  led  to  assume  that  the  agent  by 
means  of  which  all  nervous  action  is  exerted  is  elec- 
tricity;  not  an  electricity  created  at  the  very  moment 
when  the  nerve  acts,  but  pre-existing  in  all  the 
organic  particles,  as  it  pre-exists  in  all  the  particles  of 
inorganic  matter.  We  are,  moreover,  forced  to  admit 
that,  under  the  influence  of  life,  these  particles  are 
arranged  in  an  altogether  special  manner,  and  which  SJ?i££dt 
permits  of  the  accomplishment  of  the  organic  funo-SoroS!0 
tions ;  so  that  life  can  not  be  considered  as  a  conse- 
quence of  the  electric  nature  and  of  the  arrangement 
of  these  particles,  but  must,  on  the  contrary,  be 
regarded  as  the  cause  of  their  mode  of  grouping,  and 
consequently  indirectly  of  the  phenomena  that  result 
from  it.  Let  life  indeed  be  taken  away,  and  the 
particles,  still  preserving  their  electric  properties— 
that  is  to  say,  their  polarity, — are  grouped  quite  dif- 
ferently, so  as  to  obey  the  conditions  of  equilibrium 
of  the  forces  that  are  proper  to  them,  and  no  longer 
present  aught  but  the  ordinary  phenomena  that  in- 
organic matter  offers  us. 

"M.  Matteucci,  while  still  recognizing  that  or- 
ganic currents  are  not  due  to  any  exterior  chemical 
action  whatever,  considers  that  we  must  attribute 
them  to  the  chemical  actions  of  the  living  organism. 
It  would,  according  to  him,  be  in  the  chemical  action  Bi«*ric 
that  must  exist  between  muscular  fibre,  properly  SSSSi 
so  called,  and  arterial  blood  in  contact  with  it,  and<7bfoodoa 
consequently  in  the  nutritive  life  of  the  tissues,  thatmaKular 
we  ought  to  seek  for  the  cause  of  the  currents.     It 
would  be  thus  inherent  in  the  state  of  life  of  the 
organic  tissues,  and  constantly  connected  with  a 
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difference  in  the  state  and  in  the  nutritive  power  of 
these  tissues,  so  that  the  positive  element  of  the 
organic  pair  would  be  always  represented  by  the  part 

Matteucd's  of  the  tissue  whose-  nutritive  power  is  the  stronger. 

SSJt^Sth"  As  is  apparent,  M.  Matteucci  agrees  with  us  in  this 
point,  that  it  is  from  the  vital  force  that  he  makes 
animal  electricity  depend  in  the  first  instance;  only, 
according  to  him,  it  is  only  indirectly  in  compelling 
nutrition  to  operate  that  the  nerves,  intermediate 
between  vital  force  and  the  muscles,  would  develop 
electricity,  whilst,  according  to  us,  the  action  would 
be  more  direct ;  the  transmission  of  vital  action  from 
the  nerves  to  the  muscles  being  brought  about  by 
the  very  electricity  with  which  the  nerves  are  primi- 
tively endowed.  We  shall  in  no  way  contest  the 
part  of  chemical  action  in  the  production  of  animal 
electricity;  but  it  is  not  from  it  that  we  make  the 
first  origin  of  this  electricity  proceed,  which  we 
think,  as  we  have  just  said,  to  be  pre-existent  to  the 
causes  that  determine  its  manifestation,  as  well  in 
the  living  organism  as  when  inorganic  matter  is  in 
question." 

That   electricity   is   produced    in   plants   during 
periods  of  growth,  has  been  proved  by  a  great  num- 
ber of  investigators.    In  1850,  Wartmann  published 
the  following  conclusions  as  the  results  of  inves- 
tigations made  by  him,  extending  over  two  years : 
"1.     Electric  currents  are  to  be  detected  in  all 
on  the  m     parts  of  vegetables  but  those  furnished  with  isolat- 
produSd    ing  substances,  old  bark,  etc.,  etc. 
dS&g1  "2.     These  currents  occur  at  all  times  and  seasons, 

growth,  and  even  when  the  portion  examined  is  separated 
from  the  body  of  the  plant,  as  long  as  it  continues 
moist. 

"3.     In  the  roots,  stems,  branches,  petioles,  and 
peduncles,  there  exists  a  central  descending,  and  a 
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peripherical    ascending   current:     Wartmann    calls 
them  axial  currents. 

"4.  On  connecting,  by  means  of  the  galvanom- 
eter, the  layers  of  the  stem  where  the  liber  and  the 
alburnum  touch,  either  with  the  most  central  parts 
(pith  and  perfect  wood)  or  with  the  most  external 
parts  (young  bark),  lateral  currents  passing  from 
these  layers  to  surrounding  parts  have  been  detected. 


Bark 
currents. 


"5.     In  the  leaf  the  current  passes  from  the  lamina  Leaf 
to  the  nerves,  as  well  as  through  the  central  parts curren  ' 
of  the  petiole  and  the  stalk. 

"6.  In  the  flowers  the  currents  are  feeble.  They 
are  very  marked  in  the  succulent  fruits,  and  in  some  currents, 
kinds  of  grain ;  the  currents  from  the  fruits  proceed- 
ing in  most  cases  from  the  superficial  parts  to  the 
adjacent  organs.  The  strength  of  the  current  de- 
pends on  the  season ;  they  are  greatest  in  the  spring, 
when  the  plant  is  bathed  in  sap. 

"7.     Currents  can  also  be  detected  proceeding 
from  the  plant  to  the  soil,  which  is  thus  positive  from  punt 

•  %         t      •  •  1  <■  •<•  1  to  ■oil. 

with  relation  to  it,  and  currents  are  also  manifested 
when  two  distinct  plants  are  placed  in  the  circuit 
of  the  rheometer." 
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CHAPTER     XXVIII 

THE   DISCOVERY   OF   THE    PRODUCTION    OF   MAGNET- 
ISM  BY   ELECTRICITY 

"Fortune,  it  may  be  said,  ceased  to  be  Mind  at  the  moment 
when  to  Oersted  was  allotted  the  privilege  of  first  divining 
that  it  was  not  electricity  in  repose,  accumulated  at  the  two 
poles  of  a  charged  battery,  but  electricity  in  movement 
along  a  conductor  by  which  one  of  the  poles  is  discharged  into 
the  other,  which  would  exert  an  action  on  a  magnetized  needle. 
When  thinking  of  this — it  was  during  the  animation  of  a  lec- 
ture before  the  assembled  pupils — Oersted  announces  to  them 
what  he  is. about  to  try;  he  takes  a  magnetized  needle,  places 
it  near  the  electric  battery,  waits  until  the  needle  has  arrived 
at  a  state  of  rest;  then,  seizing  the  conjunctive  wire  traversed 
by  the  current  of  the  battery,  he  places  it  above  the  magnetic 
needle,  carefully  avoiding  any  manner  of  collision.  The 
needle — every  one  plainly  sees  it — the  needle  is  at  once  ia 
motion.  The  question  is  resolved.  Oersted  has  crowned  by 
a  great  discovery  the  labors  of  a  whole  previous  Hfe." 
— Memoir  of  Oersted:   Elie  »e  Beaumont 

N  the  history  of  electricity  and  magnetism  there 
are  certain   discoveries   which,   by   reason  of 
their  far-reaching  results,  stand  out  like  great 
mountain    peaks    among    the    smaller    mountains 
and  hills  that  represent  less  important  discoveries. 
thStMri*  We  have  already  alluded  to  some  of  these  dis- 
mouSuSi-  coveries,  such,  for  example,  as  that  made  by  Frank- 
SSSirthe  lin,  concerning  the  identity  of  lightning  and  elec- 
fnfSSvt   trie  discharges;  that  made  by  Volta,  of  the  voltaic 
Uons*        cell ;  and  that  made  by  Daniell,  of  the  constant  voltaic 
cell.     We  have  now  to  study  two  discoveries  some- 
what allied  to  one  another,  that  are  indeed  giants 
that    stand    by    themselves.      We    allude    to    the 
discovery  of  the  production  of  magnetism  by  elec- 


PRODUCTION  OF  MAGNETISM  BY  ELECTRICITY         461 

tricity,  made  by  Oersted,  in  1819,  and  the  dis- 
covery, at  a  later  date,  by  Faraday,  of  the 
production  of  electricity  by  magnetism.  As  we 
shall  see,  there  have  probably  never  been  discoveries 
made  in  electricity  or  magnetism  that  have  produced 
such  far-reaching  results. 

It  was  generally  suspected  by  scientific  men  for 
many  years  prior  to  18 19,  that  some  relation  exists 
between  electricity  and  magnetism.     It  was  pointed  SSffSJ £or 
out  that  there  are  two  electricities  and  two  magnet-  £>m  £?" 
isms,  and  that  there  are  attractions  and  repulsions  inSSJy^S" 
the  case  of  both.     Many  attempts  were  therefore  m*gneti,nK 
made  to  establish  this  suspected  identity  by  experi- 
ment.    For  example,  in  1805,  Hatchett  and  Des- 
ofmes   endeavored   to   cause   an   insulated   voltaic 
battery  to  point  to  the  earth's  magnetic  pole,  as 
a  magnetic  needle  would  do.     Since,  however,  the 
circuit  of  this  battery  was  opened,  they  were  unsuc- 
cessful.    Until  the  time  of  Oersted  all  such  experi- 
ments were  made  with  voltaic  batteries  on  open  cir- 
cuit, or  when  they  were  producing  no  electric  current, 
and  were  therefore  futile. 

Hans  Christian  Oersted,  a  professor  in  the  Univer- 
sity of  Copenhagen,  while  engaged  in  an  extended  prof.  Hans 
series  of  experiments  carried  on  for  the  purpose  of  Sen*©?!1 
discovering  the  relation  between  electricity  and  mag- 
netism, closed  the  circuit  of  the  voltaic  battery,  and 
found  the  long-sought-f or  relation.  This,  as  may  be 
seen  from  the  quotation  at  the  chapter  heading,  was 
done  during  a  lecture  at  the  university. 

Oersted's  discovery  consisted  in  the  fact  that  it 
is   only   while   flowing  through   some   conducting  oSJSrs 
path  that  electricity  manifests  magnetic  power.    HedtocoTery* 
showed  that  any  conductor,  no  matter  what  its 
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character,  while  conveying  an  electric  current  thereby 
becomes  a  magnet,  and  will,  like  any  other  magnet, 
deflect  a  magnetic  needle  in  its  neighborhood. 

Oersted's  original  experiment  is  readily  repeated 
by  means  of  the  simple  apparatus  shown  in  connec- 

origbudcB-  ti°n  w^  Fig-  1 59-  Here  a  copper  wire  is  held 
pcnmcnt.  horizontally  over  a  magnetic  needle,  N  S,  in  the 
same  direction  as  that  in  which  the  needle  has  come 
to  rest  under  the  influence  of  the  earth's  magnetism. 
So  long  as  no  current  is  flowing  through  this  con- 
ducting wire  the  needle  will  remain  in  its  position ; 
but,  as  soon  as  a  current  is  passed,  say  in  the  direc- 
tion indicated  by  the  large  arrow,  from  plus  to 


Fjc  159.— Oersted's  great  discovery  of  the  production  of  magnetism  by 

electricity. 

minus,  the  needle  will  be  deflected  in  the  direction 
indicated  by  the  smaller  curved  arrows.  It  can  be 
shown  that,  while  the  current  is  passing  through  the 
conductor  held  above  the  needle  in  a  direction,  say 
from  north  to  south,  it  will  cause  the  north  pole  of 
the  needle  to  be  turned  toward  the  east;  while  if, 
in  this  position,  it  is  passed  through  the  conductor 
in  the  opposite  direction,  or  from  south  to  north, 
the  north  end  of  the  needle  will  be  deflected  to  the 
west. 

Dnry*  Oersted's  discovery  produced  great  excitement 


memoff     in  the  scientific  world,  and  his  experiments  were 
discovery,  repeated  by  many  scientific  men.      Sir  Humphry 
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Davy  in  a  communication  to  the  Royal  Society  of 
London,  on  November  16,  1820,  referred  to  some 
of  his  own  experiments  in  this  direction,  when  he 
announced  Oersted's  discovery  to  the  Society : 

"The  similarity  of  the  laws  of  electrical  and  mag- 
netic attraction  has  often  impressed  philosophers; 
and  many  years  ago  in  the  progress  of  the  discov- 
eries made  with  the  voltaic  pile,  some  inquirers  (par- 
ticularly M.  Ritter)  attempted  to  establish  the  exist- 
ence of  an  identity  or  intimate  relation  between  SEImuni- 
these  two  powers;  but  their  views  being  generally S?iS>?ai 
obscure,  or  their  experiments  inaccurate,  they  were  L^Son?' 
neglected;  the  chemical  and  electrical  phenomena 
exhibited  by  the  wonderful  combination  of  Volta, 
at  that  time  almost  entirely  absorbed  the  attention 
of  scientific  men;  and  the  discovery  of  the  fact  of 
the  true  connection  between  electricity  and  magnet- 
ism, seems  to  have  been  reserved  for  M.  Oersted, 
and  for  the  present  year. 

"This  discovery,  from  its  importance,  and  unex- 
pected nature,  cannot  fail  to  awaken  a  strong  interest 
in  the  scientific  world;  and  it  opens  a  new  field  of 
inquiry  into  which  many  experimenters  will  un-^JjjJJj? 
doubtedly  enter:  and  where  there  are  so  many  ob- j*0™0^. 
jects  of  research  obvious,  it  is  scarcely  possible  that  ££,£ 
similar  facts  should  not  be  observed  by  different obtained- 
persons.      The    progress    of    science    is,    however, 
always  promoted  by  a  speedy  publication  of  experi- 
ments; hence  though  it  is  probable  that  the  phe- 
nomena which  I  have  observed  may  have  been  dis- 
covered before,  or  at  the  same  time,  in  other  parts  of 
Europe,  yet  I  shall  not  hesitate  to  communicate 
them  to  you,  and  through  you  to  the  Royal  Society. 

"I  found,  in  repeating  the  experiments  of  M. 
Oersted  with  a  voltaic  apparatus  of  one  hundred 
pairs  of  plates  of  four  inches,  that  the  south  pole 
of  a  common  magnetic  needle  (suspended  in  the 
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usual  way)  placed  under  the  communicating  wire 
of  platinum  (the  positive  end  of  the  apparatus  being 
on  the  right  hand)  was  strongly  attracted  by  the 
wTre^i11*  wire,  and  remained  in  contact  with  it,  so  as  entirely 
nScVj"*' to  alter  ^e  direction  of  the  needle,  and  to  overcome 
gfSg^k  the  magnetism  of  the  earth.  This  I  could  only  ex- 
current-  plain  by  supposing  that  the  wire  itself  became 
magnetic  during  the  passage  of  the  electricity 
through  it,  and  direct  experiments  which  I  im- 
mediately made  proved  that  this  was  the  case.  I 
threw  some  iron  filings  on  a  paper,  and  brought  them 
near  the  communicating  wire,  when  immediately 
they  were  attracted  by  the  wire,  and  adhered  to  it 
in  considerable  quantities,  forming  a  mass  round 
it  ten  or  twelve  times  the  thickness  of  the  wire: 
on  breaking  the  communication,  they  instantly  fell 
off,  proving  that  the  magnetic  effect  depended  en- 
tirely on  the  passage  of  the  electricity  through  the 
wire.  I  tried  the  same  experiment  on  different 
parts  of  the  wire,  which  was  seven  or  eight  feet  in 
length,  and  about  the  twentieth  of  an  inch  in  diam- 
eter, and  I  found  that  the  iron  filings  were  every- 
where attracted  by  it;  and  making  the  communi- 
cation with  wires  between  different  parts  of  the 
battery,  I  found  that  iron  filings  were  attracted,  and 
the  magnetic  needle  affected  in  every  part  of  the 
circuit." 

The  reference  made  by  Davy,  in  the  communi- 
cation above  referred  to,  as  to  the  accumulation  of 
Se!f?pn»-  iron  filings  around  a  conductor  traversed  by  an 
£JS£!d  electric  current,  shows  that  the  conductor  has  a 
dlJSSrCb?n"  magnetic  field  produced  around  it.  The  presence 
the^passagc o£  t^s  g^j  an(j  ^  generaj  direction  of  its  lines 

clSSt  of  magnetic  force,  can  be  shown  by  passing  the 
wire  conveying  the  current  through  a  sheet  of  stiff 
paper,  held  in  a  horizontal  position,  and  sprinkling 
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iron  filings  over  its  surface.  Under  these  circum- 
stances, when  the  paper  is  slightly  tapped,  the  filings 
will  arrange  themselves  in  concentric  circles  around 
the  conductor,  as  shown  in  Fig.  160.  It  is  evident, 
therefore,  that  the  passage  of  an  electric  current 


onductliiR  wfrc  hy  the  p— f  <ti 


produces,  in  a  manner  which  is  yet  unknown,  mag- 
netic whirls  around  the  axis  of  the  conductor,  as 
shown  in  this  figure. 

In  order  to  remember  the  direction  in  which  a 
magnetic  needle  will  be  deflected  by  a  conductor 
carrying  an  electric  current,  various  rules  have  been  A^«^ 
proposed.     One  of  these,  proposed  by  Ampere,  is5S«™i,o( 
as  follows:     "Imagine  yourself  swimming  in  the  Jj^jj™,,. 
conductor  in  the  direction  of  the  current,  with  your  S^Jti™ 
face  turned  toward  the  needle.     Then  the  north  pole™du<:,or- 
of  the  needle  will  always  be  deflected  toward  your  left 
hand."     Another  rule,  proposed  by  Maxwell,  is  as 
follows :  "Regard  the  current  as  flowing  in  the  direc-  indt 
tion  in  which  an  ordinary  corkscrew  is  advancing,  terming 
Then  the  direction  of  the  circular  lines  of  force  will  lmao?" 
fee  the  same  as  the  direction  in  which  the  screw fm*' 

Vol  1.-21 
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turns."  For  example,  the  direction  of  the  lines  of 
magnetic  force  produced  by  the  current  flowing 
through  the  conductor  DD,  Fig.  1 6 1,  in  the  direction 
indicated  by  the  arrow,  from  north  to  south,  is  that 
screw  rule,  ^icated  by  the  curved  arrows.  Here  it  will  be  seen 
that  this  is  the  same  direction  as  that  in  which  a 


Pig.  i6i.— Direction  of  circular  lines  of  magnetic  force  of  conductor  traversed 

by  electric  current. 

screw  would  require  to  be  turned  in  order  to  advance 
in  the  direction  taken  by  the  current  in  flowing 
through  DD. 

Coming  now  again  to  the  original  experiment  of 
Oersted,  and  holding  the  conducting  wire  over  the 
magnetic  needle,  as  shown  in  Fig.  159,  pass  the  cur- 
rent through  it  in  any  direction,  and  note  the  direc- 
tion in  which  the  needle  is  deflected.  Now  bend 
the  wire  into  a  loop,  so  that  the  current  must  flow 
defiectio^  through  the  conductor  below  the  needle  in  the 
conducting  opposite  direction  from  what  it  does  in  the  direc- 
°°P"  tion  above,  and  note  that  the  needle  is  more  power- 
fully deflected  than  when  the  current  only  passes 
above  the  needle.  Now  bend  the  wire  so  that  it 
will  take  the  shape  of  the  hollow  rectangular  circuit, 
shown  in  Fig.  162,  and  passing  the  current  through 


Increased 


equipped  with  liftini  nuineis  hmndle  steel  pines,  cisiinjs,  pig  lr 


PRODUCTION  OF  MAGNETISM  BY  ELECTRICITY         467 

it  by  connecting  the  ends  of  the  wire  P  and  N,  with 
the  positive  and  negative  poles  respectively  of  an 
electric  source,  note  that  the  needle  NS  is  now  de- 
flected more  than  in  either  of  the  preceding  experi- 
ments. 

It  can  be  shown  by  experiment  that,  not  only  those 
portions  of  the  conductor  which  are  above  and  below  ^ Smiiar. 
the  magnetic  needle  tend  to  deflect  it  in  the  samej^gj^f* 
direction,  but  that  also  the  two  smaller  portions  J|} JJSJe^ 
where  the  current  is  passing  respectively  down  and  f^paSfllar 
up,  as  shown  in  the  figure  by  the  arrows  at  the  end,  "a*11*- 
also  deflect  the  needle  in  the  same  direction.     In 
other  words,  a  conductor  bent  in  the  form  of  a  hollow 


Pig.  163.— Similarly  directed  action  of  all  parts  of  an  active  rectangular  circuit 
on  magnetic  needle  placed  inside  such  circuit. 

rectangle,  as  shown  in  Fig.  162,  has  all  parts  of  its 
circuit  acting  to  produce  a  deflection  of  the  magnetic 
needle  placed  within  it  in  the  same  direction.    Such 
an  instrument  was  formerly  called  the  multiplier,  be- 
cause the  hollow  rectangular  circuit  multiplies  the 
action  of  the  conducting  wire,  and  tends  more  power- 
fully to  deflect  the  needle.    The  principle  of  the  mul- 
tiplier was  invented  by  Schweigger,  in  1820,  notschwdg. 
long  after  the  announcement  by  Oersted  of  the  pro-  8c*of  £c 
duction  of  magnetism  from  electricity.     A  Schweig-  the  fore- 
ger  multiplier  is  shown  in  Fig.  163.    It  consists  of  tnegaiva- 

•  r    11       •         1   j.   j    t_  nometer. 

a  copper  wire,  carefully  insulated  by  a  covering 
of  cotton  or  silk,  and  bent  in  the  form  of  a  hollow 
rectangle  so  that  a  number  of  successive  turns  are 
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produced,  as  shown  in  the  figure.     By  this  arrange- 
.   ment  the  current,  instead  of  passing  but  once  around 
a  magnetic  needle  suitably  supported  in  the  centre 
Sjjfij,  of  the  rectangle,  is  passed  a  number  of  times  around 
tipiier."     guch  needle,  so  that  the  effect  produced  by  each  turn 
is  multiplied  in  proportion  to  the  number  of  turns. 
In  this  way  a  comparatively  feeble  current  is  able  to 
produce  a  sensible  deflection  of  the  needle.     Gal- 
vanometers are  operated  on  this  principle. 

Galvanometers  are  employed,  as  we  have  already 
mentioned,  for  the  purpose  of  measuring  the 
strength  of  an  electric  current  by  the  deflection  of 


Pig.  163.— Schweigger  Multiplier.  A  coil  consisting  of  a  number  of  parallel 
conducting  loops  of  insulated  wire  exerts  a  far  more  powerful  deflecting  action 
on  a  magnetic  needle  than  would  a  single  loop  carrying  the  same  electric  cur- 
rent. Note  that,  as  shown  in  the  figure,  the  magnetic  needle  is  at  rest  in  a 
north  and  south  direction,  and  that  no  current  is  passing  through  the  multiplier. 


High-       a  magnetic  needle.     In  extremely  sensitive  galva- 

resistance  .  .  e  . 

gaivanom-  nometers  the  number  of  separate  turns  sometimes 
smaii or  reaches  many  thousands.  Such  galvanometers, 
currcn  however,  have  a  high  electric  resistance,  so  that  they 
are,  therefore,  suitable  only  for  measuring  small 
currents  produced  by  high  electro-motive  forces. 
Low-resist-  Sometimes,  however,  where  extremely  large  cur- 

ance  gal- 

vanometers  rents  are  to  be  measured,  the  galvanometer  coil  con- 
currents!    sists  of  but  a  single  turn  of  a  good  conducting  wire. 

When  no  current  is  passing  through  the  galvanom- 
eter coils,  its  needle,  when  at  rest,  should  occupy  a 
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position  parallel  to  the  plane  of  the  coil.     On  the 
passage  of  the  current  the  needle  tends  to  place  itself  {^00%, 
at  right  angles  to  the  length  of  the  conducting  wire  JSTJSST" 
of  the  galvanometer  coils.     From  the  amount  of  *nd  necdle- 
its  deflection,  measured  in  degrees  on  a  graduated 
scale  over  which  the  needle  moves,  the  strength  of 
the  current  may  be  determined.     Generally  the  mag- 
netic needle  is  deflected   by  the  current  passing 
through  the  galvanometer  coils  from  its  position  of 
rest  in  the  earth's  magnetic  field.     Sometimes,  how-  Fields  of 
ever,  the  field  of  a  permanent  or  electro-magnet  i»  &?<£&- 
employed  instead  of  the  earth's  field.     In  the  first  ttse?fosgai- 
case,  when  employed  for  measuring  the  strength  of  ™ reJSK** 
a  current,  the  galvanometer  coils  must  be  placed  !3d. 8 


Pig.  164.— Astatic  Galvanometer  Needle.  The  hook  for  the  suspending  fibre 
is  shown  at  m.  Note  that  the  opposite  poles  N  S'  and  S  N'  are  placed  near 
one  another,  with  their  poles  in  the  same  vertical  plane. 


in  such  a  position  that  the  plane  of  the  coils  will 
coincide  with  the  direction  in  which  the  needle 
comes  to  rest,  so  that  the  magnet,  when  at  rest,  shall 
be  in  a  direction  parallel  to  the  direction  of  the 
galvanometer  coils.  When,  however,  the  field  of  a 
permanent  or  electromagnet  is  employed,  the  in- 
strument may  be  used  to  measure  the  current 
strength  when  in  any  position  in  which  the  needle 
is  free  to  move. 

In  order  to  obtain  a  very  sensitive  galvanometer, 
some  device  must  be  employed  to  lessen  the  directive 
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Astatic 

magnetic 

needle. 


force  which  the  earth's  magnetism  exerts  on  the 
galvanometer  needle.  One  method  of  doing  this 
is  to  employ  what  is  called  an  astatic  needle.  Such 
a  needle,  as  shown  in  Fig.  164,  consists  of  two  sep- 
arate magnetic  needles,  N  S  and  S'  N',  rigidly  con- 
nected together  by  means  of  the  axis  aa,  and  placed 
parallel  and  directly  over  one  another,  so  that  their 
opposite  poles  are  opposed.  When  so  arranged,  the 
needles,  when  placed  in  a  magnetic  field  by  a  sus- 
pension fibre  connected  to  the  hook  m,  shown  at  the 
top  of  the  system,  will  act  as  a  single  weak  magnetic 
needle. 


The  astatic  needle  is  placed  so  that  the  upper 
needle  is  outside  the  galvanometer  coils,  and  the 


Fig.  165.— Astatic  Needle  with  single  turn  of  active  conductor.  Note  here 
that  the  current  passing  through  the  upper  part  of  the  conductor  deflects  both 
N  S  and  S'  N'  in  the  same  direction,  because  their  opposite  poles  face  each  other. 


lower  needle  is  inside  such  coils.     Under  these  cir- 
cumstances,  it   is  clear  that  the  current  passing 
use  of       through  the  galvanometer  coils  will  flow  above  one 
magnet  in  needle  and  below  the  other,  and  that  it  will  deflect 

galvanom- 

eters.  both  needles  in  the  same  direction.  This  will  be  seen 
from  an  inspection  of  Fig.  165,  where  the  current 
which  flows  below  the  needle  S'  N'  flows  above  the 
needle  N  S  and  therefore  deflects  them  both  in  the 
same  direction.     In  extremely  sensitive  galvanom- 
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eters  two  separate  coils  are  sometimes  employed,  the 
upper  and  lower  needles  being  placed  respectively  in 
separate  coils.  Under  these  circumstances,  the  coils 
must  be  oppositely  connected  in  order  that  both 
needles  may  be  deflected  in  the  same  direction. 

In  some  forms  of  galvanometers,  a  varying  degree 
of  sensitiveness  may  be  obtained  by  the  use  of  what 
is  called  a  compensating  magnet,  placed  on  an  axis 
above  the  magnetic  needle.  As  the  compensating^ -,. 
magnet  is  moved  toward  or  from  the  magnetic  ™>°m< 
needle,  the  effect  of  the  earth's  field  is  varied,  and 
with  it  the  sensitiveness  of  the  galvanometer.     A 


galvanometer  provided  with  such  a  compensating 
magnet  is  shown  in  Fig.  166.  This  particular  form 
of  galvanometer  shown  here  is  sometimes  called  a  s™ 
mirror  galvanometer,  because,  instead  of  reading™'" 
the  deflections  of  the  magnetic  needle  directly,  by 
their  movements  over  a  graduated  dial,  they  are  read 
indirectly,  by  the  movements  of  a  spot  of  light  re- 
flected from  a  small  mirror  attached  to  the  magnetic 
needle.  In  the  mirror  galvanometer,  shown  in  the 
figure  as  constructed  by  Kelvin,  the  needle  is  attached 
directly  to  the  back  of  a  light  silver  glass  mirror, 
on  the  back  of  which  the  magnetic  needle,  consist- 
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ing-  of  several  small  magnetized  pieces  of  watch 
spring,  is  placed.  In  this  galvanometer,  the  needle 
is  suspended  by  a  single  silk  fibre,  and  is  placed  in- 
side the  galvanometer  coils.  NS  is  the  compensat- 
ing magnet  supported  on  an  axis  placed  above  the 
galvanometer  magnet.  The  light  of  a  lamp,  L, 
placed  before  a  slot  in  a  screen,  falls  on  a  mirror,  Q, 
which  reflects  it  to  the  scale  K,  placed  as  shown. 


Fig.  167.— A  form  of  Galianometer,  with  an  Astatic  Magnetic  Needle.  Note 
the  short  pins  mending  nboyc  the  face  of  the  graduated  scale,  to  prevent  the 
needle  from  making  a  complete  rotation,  and  thui  unduly  misting  the  GUI- 
pension  fibre. 

A  common  form  of  galvanometer  is  shown  in  Fig-. 
167.     Here  the  instrument  rests  on  three  levelling' 
gananom-  screws,  provided  to  secure  a  true  horizontal  poai- 
u  astatic    tion  for  the  instrument,  and  thereby  a  free  move- 
n«£ic. c    ment  of  the  needle  within  the  coil.     This  galva- 
nometer employs  an  astatic  needle,  the  upper  of 
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which,  ab,  only  is  shown  on  the  outside  of  the  gal- 
vanometer coil.  The  needle  is  suspended  by  means 
of  a  single  silk  fibre,  and  its  deflections  are  read  on 
the  graduated  scale  shown  immediately  above  the 
upper  face  of  the  galvanometer  coil. 

Almost  immediately  after  the  announcement  by 
Oersted  of  his  great  discovery,  Ampere,  a  distin-  Ampere's 
guished  French  physicist,  began  a  series  of  investi-  ««*»*  le- 
gations concerning  these  phenomena.     He  showed,  <*  oersted 
by  means  of  many  different  experiments,  that  the 
magnetic  force  resides  in  all  parts  of  the  circuit, 
including  not  only  the  conducting  wires,  but  even 


Fig.  168.— Ampere  shows  that  a  voltaic  battery  is  magnetic  as  well  as  the  rest 

of  its  conducting  circuit. 

the  battery  itself.     This  he  showed  by  means  of 
magnetic  needles  placed,  as  seen  in  Fig.  168.     He 
pointed  out  the  fact  that  the  force  in  question  must 
be  a  circulating  one,  since,  otherwise,  it  would  be 
impossible  to  explain  why  it  acts  in  contrary  direc- 
tions on  opposite  sides  of  the  circuit.     He  compared 
this  action  with  that  which  a  current  of  water  would 
exert  if  circulating  in  a  ring-shaped  canal.     It  was  0riffin  of 
this  analogy  that  led  to  the  name  electric  current  SecSc™ 
being  applied  to  the  force  which  comes  from  thecurrcnt* 
entire  battery  circuit.     Ampere  proposed  the  rule  to 
which  we  have  already  referred,  as  conceiving  a 
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person  to  be  swimming  in  this  current,  which  would, 
consequently,  enter  at  his  feet  and  pass  out  at  his 
head.  He  did  this  in  order  to  determine  the  direc- 
tion  in  which  the  needle  would  be  deflected  by  the 
current. 


After  having  studied  carefully  the  manner  in 

which  a  fixed  conductor,  carrying-  an  electric  cur- 

^5J£*,§    rent,  acts  on  a  movable  magnetic  needle,  Ampere 

next  turned  his  attention  to  a  fixed  magnet,  and 


menu  with 
movable 


ciJSuu.      pointed  out  that  it  exerted  a  similar  action  on  a 


Fig.  169.— One  form  of  Ampere's  movable  active  conductors  for  showing  action 
of  magnets,  as  of  movable  circuits  on  each  other. 


movable  conductor  through  which  a  current  of  elec- 
tricity is  flowing.  He  formed  a  movable  circuit 
by  bending  a  copper  wire  in  the  shape  of  a  rectan- 
gular circuit,  A  B,  Fig.  169,  and  suspended  the  same 
by  placing  the  ends  of  this  circuit  in  small  cups,  + 
and  — ,  filled  with  mercury,  in  the  manner  shown. 
On  passing  a  current  from  a  voltaic  battery  through 
this  movable  circuit  he  found  that  it  tended  to  set 
itself  at  right  angles  to  a  bar  magnet  placed  below  it, 
parallel  to  A  B,  the  direction  in  which  the  current 
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was  flowing  through  the  nearest  part  of  the  movable 
conductor. 

Ampere  also  showed  that  active  movable  conduc- 
tors; i.e.,  movable  conductors  through  which  electric 
currents  are  passing,  attracted  or  repelled  other 
active  movable  conductors,  according  to  the  direc-Aggffjjj 
tion  in  which  the  currents  flowed  through  both  con-  &££££. 
ductors.  He  thus  opened  up  a  new  branch  of  electric- 
ity, called  electro-dynamics,  or  that  branch  of  electric 
science  which  treats  of  the  force  which  one  electric 
current  exerts  on  another.  He  showed  that  these 
actions  are  entirely  magnetic,  and  are  due  to  the 


Fig.  ijo-Dt  I*  Rive't  Floating  Active  Coil  [or  electro-dynamic  experiments. 
Note  the  direction  of  the  current  produced  by  the  flowing  voltaic  couple  of 
line  Z  and  carbon  C,  as  indicated  by  the  curved  arrows. 

circular  magnetic  fields  produced  around  active  con- 
ductors. During  these  investigations,  Ampere  dis- 
covered the  following  laws;  viz.,  Electric  currents 
that  are  flowing  in  the  same  direction  attract  one 
another.  Electric  currents  flowing  in  opposite  di-j££ 
rections  repel  one  another.  Two  electric  currents  d*m 
crossing  at  an  angle  attract  each .  other  when 
both  currents  flow  toward  or  from  the  point  of 
crossing,  and  repel  each  other  when  one  flows  to- 
ward and  the  other  from  such  point  of  crossing. 
The  force  with  which  these  attractions  and  repulsions 
take  place  is  directly  proportional  to  the  strength 
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of  the  current  passing,  multiplied  by  the  length  of 

the  conductors  through  which  they  are  passing, 
and  is  inversely  proportional  to  the  distance  between 
them. 

A  very  simple  form  of  movable  active  conductor 
feiSi?"8*  was  dev*sed  by  De  la  Rive.  This  consists,  as  shown 
active  coii.  jn  pjg    jj^  0f  a  single  voltaic  cell,  the  circuit  of 

which  is  connected  with  a  small  coil  of  insulated 
wire,  and  the  two  properly  balanced,  and  supported 
on  a  cork,  are  made  to  float  in  a  vessel  containing 
dilute  sulphuric  acid.  The  approach  of  the  pole  of 
a  magnet  will  cause  either  attraction  or  repulsion, 
according  to  the  name  of  the  magnetic  pole,  as  well 
as  the  direction  in  which  the  current  is  flowing 
through  the  floating  coil. 

After  having  studied  the  effects  produced  by  the 
mutual  action  of  electric  currents  on  each  other, 
Ampere'i    Ampere  proposed  an  ingenious  theory  concerning 
magMttem.  ^e  nature  of  magnetism.     In  this  theory  he  attrib- 
utes the  cause  of  all  magnetism  in  steel,  or  other 
permanent  magnets,  to  the  action  of  electric  currents. 
After  having  carefully  ascertained  the  various  actions 
which  a  current  exerts  on  different  parts  of  a  mov- 
able magnet,  he  saw  that  these  actions  could  all  be 
explained  by  regarding  each  small  part  of  the  magnet 
as  being  replaced  by  a  closed  electric  current  flowing 
around  it  in  a  plane  at  right  angles  to  its  length. 
After  having  ascertained,  in  this  manner,  the  direc- 
proKtS?**  ti°n  such  currents  must  have  at  different  parts  of 
minme       &*e  magnet,  in  order  to  produce  the  results  which 
cirSiuin    were  actually  caused  by  the  active  conductor,  he 
{SrtidiS^  came  to  the  conclusion  that  the  peculiar  properties 
of  any  magnet  should  be  produced  by  numerous 
electric    currents    flowing    in    the    same   direction 
through  minute  circuits,  all  of  which  were  situated 
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in  planes  parallel  to  one  another,  and  perpendicular 
to  the  axis  of  the  magnet 

Ampere  assumed  that  the  ultimate  particles  of  all 
magnetizable  substances  have  electric  currents  natur- 
ally circulating  around  them  in  closed  circuits;  that 
in  an  unmagnetized  bar  these  currents,  being  un-JJ*J 
directed,  all  neutralize  one  another,  and  produce  noSEJ^T 
effects  outside  the  magnet;  that  the  act  of  mag- 
netization  of  a  bar  consists  in  causing  these  cur- 
rents to  flow  in  one  and  the  same  direction,  the  bar 
becoming  magnetically  saturated  when  all  the  sep- 
arate circuits  have  been  caused  to  flow  parallel  to 


one  another.  The  difference  in  both  a  magnetized 
and  an  unmagnetized  bar  is  shown  in  Fig.  171.  On 
the  left-hand  side  of  this  figure  the  circuits  are  repre- 
sented in  the  case  of  an  unmagnetized  bar  where 
the  separate  circuits  are  undirected,  and,  therefore, 
have  the  effect  of  neutralizing  one  another.  On  the 
right-hand  side  of  the  figure,  which  represents  a 
magnetized  bar,  they  are  all  similarly  directed.  The 
very  fact,  however,  that  all  such  circuits  are  parallel 
to  one  another,  and  all  flow  in  the  same  direction, 
will  necessitate,  as  a  careful  inspection  of  the 
figure  will  show,  that  all  these  separate  circuits 
except  those  on  the  extreme  outside  of  the  bar, 
flow    in    opposite    directions    in    those    parts    of 
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the  separate  circuits  that  are  contiguous  to  one 
another,  and  that,  therefore,  these  parts  will  neu- 
tralize one  another.  There  will,  therefore,  remain 
only  the  current  on  the  outside,  of  the  bar,  which 
must,  consequently,  be  regarded  as  the  magnetiz- 
ing current.  In  other  words,  taking  the  case  of  a 
permanent  steel  bar  magnet  of  rectangular  cross- 
section,  the  effect  of  the  currents  produced  as  a  result 
of  the  neutralization  of  all  the  separate  circuits, 
except  those  on  the  outside,  will  be  to  produce  single 
electric  currents,  which  may  be  represented  by  nu- 
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Pis.  17a.— Ampere's  conventionalized  representation  of  effect  of  electric  single 
and  separate  currents  in  producing  the  magnetism  in  a  magnet. 


merous  closed  circuits,  parallel  to  one  another,  and  at 
right  angles  to  the  length  of  the  bar,  as  shown  in  Fig. 
172,  where,  in  order  to  avoid  complexity,  only  a  few 
of  the  many  circuits  are  represented. 


Objection 
to  Ampere's 
theory  by 
reason  of 
the  conser- 
vation of 
energy. 


It  has  been  objected  to  Ampere's  theory  that, 
according  to  the  doctrine  of  the  conservation  of 
energy,  it  is  exceedingly  improbable  that  an  electric 
current  could  possibly  flow  continuously  in  a  circuit 
without  the  expenditure  of  energy.  Ampere's  theory 
has,  therefore,  been  generally  rejected  by  most  scien- 
tific men,  who  have  proposed  some  of  the  theories 
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already  referred  to  tinder  the  general  head  of  mag- 
netism. It  will  be  noticed  that  Ampere's  theory  beats 
a  close  resemblance  to  many  of  these  other  theories, 
in  that,  like  some  of  them,  it  regards  the  ultimate 
particles  of  matter  as  naturally  magnetic.  It  goes 
further,  however,  than  these  theories  in  assuming 
a  fairly  reasonable  cause  for  the  presence  of  mag- 
netization. 

Prof.  Oliver  Lodge  dissents  from  the  objection 
urged  by  many  scientific  men   against  Ampere's  ouver 
theory,  remarking  in  this  connection:     "To  all  in-AmpZU? 
tents  and  purposes,  certainly  atoms  are  infinitely  ^Sttem. 
elastic,  and  why  should  they  not  also  be  infinitely 
conducting  ?     Why  should  the  dissipation  of  energy 
occur  in  respect  to  an  electric  current  circulating 
wholly  inside  an  atom  ?     There  is  no  reason  why  it 
should." 

Governed  entirely  by  theoretical  considerations, 
Ampere  endeavored  to  construct  a  magnet  artifi- 
cially, by  means  of  electric  currents  flowing  through  iStaS&L 
conductors  or  wires  arranged  so  as  to  produce  the  re- cot1, 
suits  which  he  claimed  existed  in  all  natural  magnets. 
After  repeated  failures  he  at  last  produced  a  coil  of 
wire  which  he  called  a  solenoid.  Such  an  active  coil 
is  the  equivalent  of  the  magnetizing  current,  which 
he  assumed,  by  his  theory,  actually  existed. 

Strictly  speaking,  the  solenoid,  as  required  by 
Ampere's  theory,  would  consist  of  a  very  great 
number  of  minute  circular  circuits  all  parallel  to  one 
another,  and  with  all  their  faces  of  like  polarity 
turned  in  the  same  direction,  each  circuit  being  in- 
dependent of  all  the  other  circuits.  The  solenoid 
which  Ampere  produced  consisted  of  an  insulated 
wire  wrapped  in  the  form  of  a  helix  or  spiral,  ah. 
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Fig.  173.  Such  a  conductor,  if  suspended  at  m,  m, 
by  p,  p,  as  shown,  will,  when  traversed  by  an  electric 
current,  come  to  rest  like  a  magnetic  needle,  with 
its  north  end  pointing,  approximately,  to  the  earth's 
geographical  north  pole.  It  will,  under  these  con- 
ditions, be  attracted  or  repelled  by  the  approach  of 
a  magnet  pole,  b,  the  result  being  dependent  on  the 


Fig.  173.— Ampere's  Practical  Solenoid. 

name  of  the  pole  that  is  approached  to  it,  as  well  as 
on  the  direction  in  which  the  current  is  circulating 
through  its  coils. 


Solenoids,  when  traversed  by  the  electric  current, 
anTrefwS8  possess  all  the  properties  of  magnets.     In  the  sole- 


duccVbr    noids  shown  in  Fig.  174,  all  the  phenomena  of  mag- 
106,10  fc    netic  attraction  and  repulsion  can  be  obtained  by 
the  approach  of  a  solenoidal  coil  held  in  the  hand 
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of  the  experimenter  to  tbe  poles  or  faces  of  another 
solenoidal  coil,  suspended  as  shown  in  the  figure. 


ill  for  showing  mutual  attraction* 
Note  that  when  the  adenoid  A'  IT,  held  in  the  band,  is  ap- 
'  solenoid  A  B,  npf-ored  as  shown  ao  aa  to  be  free  ta.  m 
a  io  [he  approached  ends  are  flowing  in  opposite  directii 
repulsion  ocenra ;  or,  in  otlMF  words,  like  magnet  poll 


In  any  solenoid  the  polarity  of  the  resulting  mag- 
netism  depends  on  the  direction  of  the  magnetic  fluxj^j™™11- 
produced  by  its  coils.     Now,  remembering  that  this  *»°p- 


Fig.  175.— Magnetic  Flua  produced  by  tbe  current  from  a  single  voltaic  cell 
paaahig  through  a  single  conducting  active  loop.  Hose  thai  the  upper  (ace  of 
such  a  loop  will  posses*  sooth  magnetic  polarity,  and  wilt  therefore  attract  Use 
pole  N  of  the  bar  magnet  S  N  sod  tend  to  draw  or  suck  It  into  tbe  loop. 

fltrx  circulates  around  an  active  conductor  m  planes 
at  right  angles  to  the  length  of  the  conductor,  it  will 
be  readily  understood  that  by  bending  the  conductor 
into  the  shape  of  a  loop,  as  shown  in  Fig.  175,  all 
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such  circular  flux  will  enter  the  loop  at  one  of  its 
faces  and  will  pass  out  at  the  other  face.  Moreover, 
by  changing  the  direction  of  the  current  through  the 
active  conductor,  the  face  at  which  the  flux  enters 
and  leaves  will  also  be  changed.  Now,  remembering 
the  convention  regarding  the  assumed  direction  of 
lines  of  magnetic  flux,  it  is  evident  that  the  face 
of  such  a  loop  at  which  the  magnetic  flux  leaves  it 
will  possess  north  magnetic  polarity,  and  the  face  at 
which  it  enters  it  south  magnetic  polarity.  In  other 
words,  a  single  active  conducting  loop  will  possess 
north  polarity  at  all  portions  of  one  of  its  faces, 
and  south  polarity  at  all  portions  of  its  opposite 
face.  The  condition  of  affairs  that  would  exist  in 
this  case  is  exactly  similar  to  that  which  would 
exist  were  an  extended  plate  of  steel,  or  magnet iz- 
distrib"  able  substance,  so  magnetized  that  all  parts  of  one 
m?*neti«n.  of  its  sides  or  surfaces  possess  north  polarity  and  its 
opposite  side  or  surface  south  polarity.  Such  a 
plate  would  possess  what  is  sometimes  called  a  lam- 
ellar distribution  of  magnetism. 

The  great  value  of  Ampere's  work  in  this  field  is 
generally  recognized  by  scientific  men,  who  have 
honored  his  memory  by  naming  the  practical  unit 
Theprac-    of  electrical  quantity,  the  ampere,  after  him.     Silli- 
of  current,  man,  in  his  "Principles  of  Physics,"  thus  speaks 
name? after  of  the  value  of  Ampere's  work : 
gueishedm"       "Immediately   after   the  first   announcement  of 
phj?tei»t    Oersted's  discovery  of  the  magnetic  powers  of  a  con- 
junctive wire,  Ampere,  one  of  the  most  renowned 
of  the  French  physicists  (born  1755 — died  1836), 
commenced  a  series  of  experiments    (September, 
1820)   to  determine  the  laws  concerned  in  these 
curious  phenomena.     Of  three  principal  hypotheses 
which  he  framed  to  this  end,  he  finally  accepted 
and  demonstrated  the  following,  viz. : 
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"A  magnet  is  composed  of  independent  elements 
or  molecules,  which  act  as  if  a  closed  electric  circuit 
existed  within  each  of  them :  in  other  words,  each  of 
these  magnetic  molecules  may  be  replaced  by  a|mpSre'son 
conjunctive  wire  bent  on  itself,  in  which  a  constant di8COveries- 
current  of  electricity  is  maintained,  as  from  a  Voltaic 
circuit. 

"This  hypothesis  he  maintained  by  singularly 
ingenious  experiments,  many  of  which  were  the 
direct  suggestion  of  the  hypothesis  itself,  and  he 
brought  all,  by  his  power  of  mathematical  analysis, 
into  exact  conformity  with  his  theory.  This  theory 
recognizes  only  such  forces  as  are  common  to  me- 
chanical physics,  and  often  called  'push  and  pull' 
forces.  These  forces  are  mutual,  and  belong  to 
all  electric  currents.  In  permanent  magnets,  the 
minute  circular  and  parallel  currents,  pertaining, 
by  this  theory,  to  each  magnet  molecule,  all  act  at 
right  angles  to  the  magnetic  axis  or  line  of  force. 
Hence,  as  in  Oersted's  experiment,  the  magnetic 
needle  strives  to  place  itself  at  right  angles  to  the 
path  of  the  current  on  the  conjunctive  wire,  it  fol- 
lows, that  currents  in  the  magnet  seek  a  parallelism 
to  that  in  the  conjunctive  wire.  Granting  this  to 
be  true,  it  follows,  as  a  corollary  from  the  premises — 

"ist  That  two  free  conducting  wires  must 
attract  or  repel  each  other,  according  to  the  direction 
of  the  currents  in  them. 

"2d.  That  a  conjunctive  wire  may  be  made  in 
all  respects  to  simulate  a  magnet." 
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CHAPTER  XXIX 


THE    ELECTRO-MAGNET 

"For  this  invention  [that  of  the  electro-magnet]  we  may 
rightfully  claim  the  very  highest  place.  Electrical  engineer- 
ing, the  latest  and  most  vigorous  offshoot  of  applied  science, 
embraces  many  branches.  The  dynamo  for  generating  elec- 
tric currents,  the  motor  for  transforming  their  energy  back 
into  work,  the  arc  lamp,  the  electric  bell,  the  telephone,  the 
recent  electro-magnetic  machinery  for  coal-mining,  for  the 
separation  of  ore,  and  many  other  electro-mechanical  con- 
trivances, come  within  the  purview  of  the  electrical  engineer. 
In  every  one  of  these,  and  in  many  more  of  the  useful 
applications  of  electricity,  the  central  organ  is  an  electro- 
magnet."— The  Electro-Magnet:  S.  P.  Thompson 

E  have  already  referred^to  the  fact,  in  the 
quotation  from  the  paper  read  by  Davy, 
before  the  Royal  Society  of  London,  an- 
nouncing Oersted's  discovery,  that  a  copper  wire 
through  which  an  electric  current  is  passing,  acquires 
denrdi£    magnetic  properties,  as  is  evidenced  by  its  power  of 
Davj^and   attracting  iron  filings.     This  same  fact  was  inde- 
abij8?Sf    pendently  discovered  by  Arago,  almost  immediately 

<a^ f  1  V£  CAfV 

per  con-     after  the  announcement  by  Oersted  of  his  discovery. 

attract  Arago  noticed  that  a  short  conductor  of  any  metal 
**  attracted  iron  filings  while  an  electric  current  was 
passing"  through  it.  Arago  also  made  numerous 
experiments  in  magnetizing  steel  needles  by  the 
electric  current  and  found  that  in  order  to  obtain  the 
best  results  it  was  necessary  to  bend  the  conductor 
into  the  form  of  a  hollow  coil  or  helix,  and  place 
the  needle  inside  the  coil.  He  showed  that  the  dis- 
charge from  a  Ley  den- jar  battery  also  magnetized 
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steel  bars.    Arago  announced  these  discoveries  to  the 
Royal  Academy  of  Sciences,  on  September  25,  1820,  aS^  2?- 
and  thus  antedated  Davy,  who  made  his  announce-  dSSvay!8 
ment  to  the  Royal  Society  of  London  in  the  paper 
before  referred  to,  on  the  16th  of  November,  1820. 

Where  a  bar  of  steel  is  placed  inside  a  magnetiz- 
ing coil,  and  the  discharge  of  a  Ley  den  jar  passed 
through  the  coil,  a  peculiar  condition  exists  in  the 
distribution  of  the  resulting  magnetism.  Instead  u2?lS?a" 
of  the  needle  being  magnetized,  as  in  the  case  of  a  SSSiJL 
current  from  a  voltaic  battery,  with  the  same  polarity  SSSJ?1" 
from  the  surface  to  the  centre  of  the  bar,  it  is  found 
that  there  are  alternate  layers  of  opposite  magnetism. 
This  may  be  shown  either  by  grinding  off  the  suc- 
cessive layers,  or  by  dissolving  them  away  with  acids, 
when  successive  alternate  polarities  will  be  observed. 
This  character  of  magnetization  was  formerly  called 
anomalous  magnetization.  In  1842,  Henry  dis- 
covered the  true  character  of  such  magnetization, 
and  showed  that  there  is  nothing  anomalous  about 
it  whatever,  the  peculiar  distribution  depending  on 
the  fact  that,  in  the  case  of  the  Leyden-jar  discharge, 
the  current  rapidly  changes  its  direction.  He  re- 
marks on  this  subject  as  follows : 

"This  anomaly,  which  has  remained  so  long  unex- 
plained, and  which,  at  first  sight,  appears  at  variance 
with  all  our  theoretical  ideas  of  the  connection  be- 
tween electricity  and  magnetism,was,  after  consider-  an^mLws 
able  study,  satisfactorily  referred  to  an  action  ofS5fon.ll~ 
the  discharge  df  a  Leyden  jar  which  had  never  before 
been  recognized.  The  discharge,  whatever  may  be 
its  nature,  is  not  correctly  represented  (employing 
the  simplicity  of  Franklin)  by  the  single  transfer 
of  an  imponderable  fluid  from  one  side  of  the  jar  to 
the  other;  the  phenomena  require  us  to  admit  the 
existence  of  a  principal  discharge  in  one  direction 
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and  then  several  reflex  actions  backward  and  for- 
ward, each  more  feeble  than  the  preceding,  until  the 
equilibrium  is  obtained.  All  the  facts  are  shown 
to  be  in  accordance  with  the  hypothesis,  and  a  ready 
explanation  is  afforded  by  it  of  a  number  of  phe- 
nomena which  are  to  be  found  in  the  older  works 
on  electricity,  but  which  have  until  this  time  re- 
mained unexplained/9 

There  was  no  readily  obtained  cotton-covered  or 
silk-covered  insulated  wire  in  the  times  of  Arago,  so 
that  he  was  obliged  to  ensure  insulation  by  wrapping 
^SESlte*"  his  conducting  wire  around  the  outside  of  a  glass 
SttlatkS*"  tube,  inside  of  which  he  placed  the  steel  bars  that 
£i£dtes  by  were  to  be  magnetized.  In  the  course  of  his  experi- 
activc  coib.  ments  on  the  magnetization  of  steel  needles,  Arago 

wrapped  a  long  helix  around  a  glass  tube;  but,  in- 
stead of  continuing  the  direction  of  the  winding 
throughout  its  entire  length,  he  changed  this  direc- 
tion, and  found,  on  placing  a  long  steel  needle  in- 
side the  tube,  that,  besides  the  usual  poles  at  the 
extremities  of  the  steel  bar  there  were  produced 
intermediate  poles  at  all  points  where  the  direction 
of  the  winding  was  changed.  In  other  words,  he 
obtained  anomalous  magnets.  In  this  way  Arago 
showed  that  the  polarity  of  the  magnetism  produced 
m^SL°U9  by  magnetizing  coils  depends  on  the  direction  in 
Mth£coiisy  which  the  magnetizing  current  passes  through  the 
coils,  since  any  change  in  the  direction  of  winding, 
would,  of  course,  change  the  direction  in  which  the 
magnetizing  current  would  flow. 

The  polarity  of  a  helix  or  coil  can  be  deduced  from 
the  direction  in  which  the  electric  current  is  passing 
through  it.  Helices  or  coils  are  said  to  be  right- 
handed,  or  left-handed,  according  to  the  direction 
in  which  they  are  wound.    A  right-handed  helix  is 
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one  that  is  wound  in  a  right-handed  direction,  that 

is,  in  a  clockwise  direction.     A  left-handed  helix  E&hlnded 

is  one  that  is  wound  in  a  left-handed  direction,  orJSSliSids. 

counter-clockwise.     In  Fig.    176  are  shown  three 

differently  wound  helices.     That  shown  at  1,  at  the 

top  of  the  figure,  is  a  right-handed  helix.     That  consequent 

shown  at  2,  in  the  middle  of  the  figure,  is  a  lef t-  j£i£!ct4c 

handed  helix.     That  shown  at  3,  at  the  bottom  of  the 


Pig.  176.— Variously  Wound  Helices.    Note  bow  the  change  In  the  direction 
of  winding  at  3  causes  a  change  in  the  direction  of  the  current. 

figure,  is  wound  so  as  to  produce  an  anomalous 
magnet  with  more  than  two  poles.  These  inter- 
mediate poles  are  sometimes  called  consequent  poles. 

Turning  now  back  to  Fig.  160,  which  shows  the 
direction  of  the  circular  lines  of  magnetic  force  pro- 
duced by  a  current  flowing  through  a  conducting 
wire,  and  bearing  in  mind  that  when  an  active  con- 
ductor is  bent  into  the  form  of  a  loop,  these  lines  of 
force  pass  into  the  loop  at  one  face,  and  pass  out  of 
it  at  the  opposite  face,  as  shown  in  Fig.  175,  it  will 
be  easy  to  understand  the  differences  in  the  magnetic 
polarity  produced  when  an  electric  current  passes 
through  the  differently  wound  helices  or  coils  shown 
in  Fig.  176. 

In  order,  however,  to  make  this  easier,  reference 
may  be  had  to  Fig.  177,  where  the  direction  of  wind- 
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Magnetic  ing  is,  perhaps,  more  readily  understood.  Here  the 
nSS^ed  polarity  of  the  electro-magnet  is  indicated  by  the 
Jtodta^'  letters  N  and  S,  and  the  direction  of  the  current  re- 


Fio.  177.— The  character  of  the  magnetic  polarity  produced  by  electric  current* 
flowing  through  coils  wound  in  right  and  left-handed  directions. 

quired  to  produce  these  poles  is  shown  at  the  bottom 
of  the  figure. 

Different  plans  have  been  suggested  in  order  to 
Mnemonic  ^x  *n  the  mind  the  direction  of  the  current  required 
SniSg""    to  produce  north  and  south  polarities.  A  very  simple 

magnetic 
polarity. 


Fig.  178.— Simple  method  for  remembering  magnetic  polarity  produced  by 

differently  directed  electric  currents. 

rule  is  indicated  in  Fig.  178,  where  the  direction  of 
the  currents  required  to  produce  north  and  sooth 
poles  can  be  remembered  from  the  direction  of  the 
arrows  at  the  points  of  beginning  and  ending  of 
the  capital  letters  N  and  S.  Here  it  will  be  seen 
that,  in  order  to  produce  north  magnetic  polarity 
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the  current  must  circulate  counter-clockwise,  while 
to  produce  south  magnetic  polarity  it  must  circulate 
clockwise. 

Scientific  discoveries  in  electro-magnetism  natur- 
ally followed  one  another  very  rapidly  on  the  an- 
nouncement of  Oersted's  great  discovery,  so  that  wasya 'Sem- 
1820  was  a  memorable  year  in  this  branch  of  elec- STetetriT 
trie  science.     We  have  already  mentioned  some8Cicncc' 
of  these  discoveries,  such  as  that  of  Ampere,  which 
laid  the  foundation  of  a  new  branch  of  electric 
science,  i.e.,  electro-dynamics,  as  well  as  his  splendid 
researches  in  electro-magnetism. 

A  discovery,  however,  of  perhaps  even  greater 
importance  than  either  of  these,  is  yet  to  be  recorded. 
We  refer  to  the  apparently  exceedingly  simple  dis- 
covery made  by  Sturgeon,  in  1825,  that  soft  iron  re- Greats 
mains  magnetic  only  while  under  the  influence  of  stE3»n 
the  magnetizing  force,  and  that  it  loses  its  magnetism in  x8as* 
as  soon  as  it  is  removed  from  the  influence  of  this 
force.    But  what  was  far  more  important,  Sturgeon 
immediately  made  a  practical  application  of  his  dis- 
covery by  inserting  a  bar  of  soft  iron  inside  the 
hollow  coil  or  helix,  through  which  an  electric  cur- 
rent was  passing.     He  found  that,  .under  such  cir- 
cumstances, the  strength  of  the  magnetism  produced 
by  the  coil  was  increased  in  an  astonishing  degree. 

The  magnets  produced  by  Sturgeon  differed  from 
those  produced  by  Ampere  and  others,  in  that  cores  Nature  of 
of  soft .  iron  were  placed  inside  the  magnetizing  ufSeSSS.8 
coils.     In  this  way  the  strength  of  the  magnetism . 
produced  by  a  given  current  was  much  greater  when 
the  core  was  present  than  when  it  was  absent. 
Moreover,  such  a  magnet  possessed  the  valuable 
property  of  immediately  acquiring  its  magnetism  as 
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soon  as  the  current  passed  through  the  coils,  and  of 
immediately  losing  it  as  soon  as  such  current  ceased 
to  pass.  Sturgeon  proposed  the  name  of  electro- 
magnet for  such  forms  of  magnet,  in  order  to  dis- 
tinguish them  from  permanent  steel  magnets.  The 
term  electro-magnet,  in  this  sense,  is  still  employed 
in  electric  science. 

Sturgeon  thus  describes,  in  curious  language  for 
a  scientific  man,  his  electro-magnet  of  1825  : 

"When  first  I  showed  that  the  magnetic  energies 
of  a  galvanic  conducting  wire  are  more  conspic- 
uously exhibited  by  exercising  them  on  soft  iron 
than  on  hard  steel,  my  experiments  were  limited  to 
small  masses — generally  to  a  few  inches  of  rod  iron 
electro?"  *  about  half  an  inch  in  diameter.  Some  of  these 
SnSEs!  pieces  were  employed  while  straight,  and  others 
were  bent  into  the  form  of  a  horseshoe  magnet,  each 
piece  being  compassed  by  a  spiral  conductor  of  cop- 
per wire.  The  magnetic  energies  developed  by  these 
simple  arrangements  are  of  a  very  distinguished 
and  exalted  character,  as  is  conspicuously  manifested 
by  the  suspension  of  a  considerable  weight  at  the 
poles  during  the  period  of  excitation  by  the  electric 
influence. 

"An  unparalleled  transiliency  of  magnetic  action  is 
also  displayed  in  soft  iron  by  an  instantaneous  tran- 
sition from  a  state  of  total  inactivity  to  that  of 
vigorous  polarity,  and  also  by  a  simultaneous  rec- 
iprocity of  polarity  in  the  extremes  of  the  bar — 
versatilities  in  this  branch  of  physics  for  the  dis- 
play of  which  soft  iron  is  pre-eminently  qualified, 
and  which,  by  the  agency  of  electricity,  become 
demonstrable  with  the  celerity  of  thought,  and  illus- 
trated by  experiments  the  most  splendid  in  mag- 
netics. It  is,  moreover,  abundantly  manifested  by 
ample  experiments,  that  galvanic  electricity  exercises 
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The  Mertenihuler  typeietttni  muchlne,  or  Linotype,  run  by  in  electric  mi 
chine  Increned  the  producilon  of  the  hind  compositor  sin  or  el|ht  time 
possible  the  hun  modern  newipipcr.    The  electric  moior  in  seen  beck 
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a  superlative  degree  of  excitation  on  the  latent  mag- 
netism of  soft  iron,  and  calls  for  its  recondite  powers 
with  astonishing  promptitude,  to  an  intensity  of 
action  far  surpassing  anything  which  can  be  accom- 
plished by  any  known  application  of  the  most  vigor- 
ous permanent  magnet,  or  by  any  other  mode  of 
experimenting   hitherto    discovered.      It   has   been  aSJnptfon 
observed,  however,  by  experimenting  on  different  niagnet. 
pieces  selected  from  various  sources,  that,  notwith-  . 
standing  the  greatest  care  be  observed  in  preparing 
them  of  a  uniform  figure  and  dimensions,  there 
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Fio.  179.— Sturgeon's  Electro-Magnet.  Note  the  fact  that  this  magnet 
differed  from  those  produced  by  Ampere,  solely  in  "being  provided  with  a 
core  of  soft  iron. 


appears  a  considerable  difference  in  the  susceptibility 
which  they  individually  possess  of  developing  the 
magnet  powers,  much  of  which  depends  upon  the 
manner  of  treatment  at  the  forge,  as  well  as  upon 
the  natural  character  of  the  iron  itself. 

"The  superlative  intensity  of  electro-magnets,  and 
the  facility  and  promptitude  with  which  their  ener- 
gies can  be  brought  into  play,  are  qualifications 
admirably  adapted  for  their  introduction  into  a 
variety  of  arrangements  in  which  powerful  magnets 
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so  essentially  operate  and  perform  a  distinguished 
part  in  the  production  of  electro-magnetic  rotations ; 
while  the  versatilities  of  polarity  of  which  they  are 
susceptible  are  eminently  calculated  to  give  a  pleas- 
ing diversity  in  the  exhibition  of  that  highly  interest- 
ing class  of  phenomena,  and  lead  to  the  production 
of  others  inimitable  by  any  other  means." 

The  form  taken  by  the  first  electro-magnet  is 
shown  in  Fig.  179.  This,  it  will  be  observed,  is 
the  exact  form  that  the  ordinary  horseshoe  magnet 
takes  to-day.  There  is  only  a  single  turn  of  wire 
wrapped  on  the  bent  iron  core.  Z  and  C  represent 
wooden  cups,  partly  filled  with  mercury,  for.  the  pur- 
pose of  readily  establishing  connection  between  the 
voltaic  battery  and  the  magnetizing  coils  of  wire. 

It  is  somewhat  difficult  thoroughly  to  realize  the 
important  part  that  the  electro-magnet  plays  in  the 
electrical  arts  and  sciences  of  to-day.  The  peculiar 
value  of  the  electro-magnet  lies  in  the  ease  with 
IfiSpSj*  which  it  acquires  and  loses  its  magnetism,  when  the 
m^liStohi  magnetizing  current  is  either  started  or  stopped.  It 
Hrtsei£dric  ls>  indeed,  a  fortunate  circumstance  that  the  magnetic 
memory  of  soft  iron  for  its  past  magnetic  condition 
is  so  extremely  poor,  while,  at  the  same  time,  its 
readiness  to  again  take  on  a  magnetic  condition  is 
so  marked.  It  is  these  properties  that  have  rendered 
the  electro-magnetic  telegraph  a  possibility,  and  have 
permitted  the  electro-magnet  to  be  utilized  in  various 
electro-magnetic  signalling  apparatus,  annunciators, 
burglar  alarms,  dynamo-electric  machines,  electric 
motors,  and,  in  fact,  in  all  the  other  devices  in  which 
electro-magnets  form  an  essential  part  of  theworking 
apparatus.  Indeed,  were  the  electro-magnet  removed 
from  all  electric  apparatus  to-day,  without  the  possi- 
bility of  being  replaced  by  some  other  means,  it 
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would  occasion  a  loss  to  the  practical  arts  and 
sciences  that  would  be  difficult  to  estimate. 

A  great  improvement  in  the  electro-magnet,  as 
made  by  Sturgeon,  was  introduced  by  Prof.  Joseph 
Henry,  about  1830.  This  consisted  in  employing  a 
great  length  of  very  fine  wire  wound  in  a  great  num-  ,"cpr?vL 
ber  of  turns  around  the  bar  to  be  magnetized.  Mag-  SeX^11 
nets  so  constructed  possess  the  valuable  property  of  ma*ncts- 
readily  working  at  the  far  end  of  a  long  conducting 
line.  Henry's  electro-magnets  were  constructed  by 
him  for  use  in  his  great  invention  of  the  electro- 
magnetic telegraph.  These  magnets  were  capable  of 
readily  responding  to  the  movements  of  a  telegraphic 
key  at  the  distant  end  of  the  line,  and  rapidly  opened 
and  closed  the  magnetizing  circuit,  since  they  almost 
instantly  acquired  magnetic  properties  on  the  closing 
of  the  circuit,  and  almost  instantly  lost  them  on  the 
opening  of  the  same. 

In  his  improved  magnets,  it  will  be  seen  that 
Henry  combined  the  principle  of  the  SchweiggerHemVsuse 
multiplier  with  the  soft-iron  core  of  Sturgeon.     He  j£X  JE?" 
thus  describes  his  invention  of  the  high-resistance ciple' 
electromagnet  in  Volume  19  of  Silliman's  "Ameri- 
can Journal  of  Science  and  Arts,"  of  January,  183 1 : 
,  "In  a  paper  published  in  the  Transactions  of  the 
Albany  Institute,  June,  1828, 1  described  some  modi- 
fications of  apparatus,  intended  to  supply  this  defi- 
ciency of  Mr.  Sturgeon,  by  introducing  the  spiral  Henrys 
coil  on  the  principle  of  the  galvanic  multiplier  of  ofW8PtI0n 
Prof.  Schweigger,  and  this  I  think  is  applicable  in  £J£££ts. 
every  case  where  strong  magnets  can  not  be  used. 
The  coil  is  formed  by  covering  copper  wire,  from 
tVto-^y  of  an  inch  in  diameter,  with  silk;  and  in 
every  case,  which  will  permit,  instead  of  using  a  single 
conducting  wire,  the  effect  is  multiplied  by  introduc- 
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Henry's 
modifica- 
tion of  De 
la  Rive's 
floating 
ring. 


Henry's 
device  to 
obtain 
powerful 
electro- 
magnets. 


i 


ing  a  coil  of  this  wire,  closely  turned  upon  itself. 
This  will  be  readily  understood  by  an  example: 
thus,  in  the  experiment  of  Ampere,  to  show  the 
action  of  terrestrial  magnetism  on  a  galvanic  cur- 
rent, instead  of  using  a  short  single  wire  suspended 
on  steel  points;  sixty  feet  of  wire,  covered  with 
silk,  are  coiled  so  as  to  form  a  ring  of  about  twenty 
inches  in  diameter,  the  several  strands  of  which  are 
bound  together  by  wrapping  a  narrow  silk  ribbon 
around  them.  The  copper  and  zinc  of  a  pair  of 
small  galvanic  plates  are  attached  to  the  ends  of 
the  coil,  and  the  whole  suspended  by  a  silk  fibre, 
with  the  galvanic  element  hanging  in  a  tumbler 
of  diluted  acid.  After  a  few  oscillations,  the  appa- 
ratus never  fails  to  place  itself  at  right  angles  to  the 
magnetic  meridian.  This  article  is  nothing  more 
than  a  modification  of  De  la  Rive's  ring  on  a  larger 
scale. 

"Shortly  after  the  publication  mentioned,  several 
other  applications  of  the  coil,  besides  those  de- 
scribed in  that  paper,  were  made  in  order  to  in- 
crease the  size  of  electro-magnetic  apparatus,  and  to 
diminish  the  necessary  galvanic  power.  The  most 
interesting  of  these  was  its  application  to  a  devel- 
opment of  magnetism  in  soft  iron,  much  more  ex- 
tensively than  to  my  knowledge  has  been  previously 
effected  by  a  small  galvanic  element. 

"A  round  piece  of  iron,  about  one-quarter  of  an 
inch  in  diameter,  was  bent  into  the  usual  form  of  a 
horseshoe,  and  instead  of  loosely  coiling  around  it 
a  few  feet  of  wire,  as  is  usually  described,  it  was 
tightly  wound  with  thirty-five  feet  of  wire,  covered 
with  silk,  so  as  to  form  about  four  hundred  turns; 
a  pair  of  small  galvanic  plates,  which  could  be  dipped 
into  a  tumbler  of  diluted  acid,  was  soldered  to  the 
ends  of  the  wire,  and  the  whole  mounted  on  a  stand. 
With  these  small  plates,  the  horseshoe  became  much 
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more  powerfully  magnetic  than  another  of  the  same 
size,  and  wound  in  the  usual  manner,  by  the  applica- 
tion of  a  battery  composed  of  twenty-eight  plates  of 
copper  and  zinc,  each  eight  inches  square.  Another  £££j£ 
convenient  form  of  this  apparatus  was  contrived,  ££££. 
by  winding  a  straight  bar  of  iron  nine  inches  long 
with  thirty-five  feet  of  wire,  and  supporting  it  hori- 
zontally on  a  small  cup  of  copper  containing  a 
cylinder  of  zinc;  when  this  cup,  which  served  the 
double  purpose  of  a  stand  and  the  galvanic  element, 
was  filled  with  the  dilute  acid,  the  bar  became  a 
portable  electro-magnetic  magnet.  These  articles 
were  exhibited  to  the  Institute  in  March,  1829. 

"The  idea  afterward  occurred  to  me,  that  a  suffi- 
cient quantity  of  galvanism  was  furnished  by  the 
two  small  plates,  to  develop,  by  means  of  a  coil,  a 
much  greater  magnetic  power  in  a  larger  piece  of 
iron.  To  test  this,  a  cylindrical  bar  of  iron,  one- 
half  an  inch  in  diameter,  and  about  ten  inches  long, 
was  bent  into  the  form  of  a  horseshoe,  and  wound 
with  thirty  feet  of  wire;  with  a  pair  of  plates  contain-  SSS?11 
ing  only  two  and  one-half  square  inches  of  zinc,  itSSSTSSak 
lifted  fourteen  pounds  avoirdupois.  At  the  same  f^tcSe*. 
time,  a  very  material  improvement  in  the  formation 
of  the  coil  suggested  itself  to  me,  on  reading  a  more 
detailed  account  of  Prof.  Schweigger's  galvanom- 
eter, and  which  was  also  tested  with  complete  success 
upon  the  same  horseshoe;  it  consisted  in  using 
several  strands  of  wire,  each  covered  with  silk,  in- 
stead of  one ; — agreeably  to  this  construction,  a  sec- 
ond wire,  of  the  same  length  as  the  first,  was  wound 
over  it,  and  the  ends  soldered  to  the  zinc  and  copper 
in  such  a  manner  that  the  galvanic  current  might 
circulate  in  the  same  direction  in  both,  or,  in  other 
words,  that  the  two  wires  might  act  as  one;  the 
effect  by  this  addition  was  doubled,  as  the  horseshoe, 
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with  the  same  plates  before  used,  now  supported 
twenty-eight  pounds." 

Henry  thus  describes  some  of  his  experiments  in 
the  direction  of  employing  separate  coils  of  mag- 
netizing wire: 

"To  test  these  principles  on  a  larger  scale  the  ex- 
perimental magnet  was  constructed,  which  is  shown 
in  Fig.  6  [our  Fig.  180].  In  this  a  number  of 
compound  helices  were  placed  on  the  same  bar,  their 
ends  left  projecting,  and  so  numbered  that  they 


Fig.  180.— Henry's  Early  Form  of  Horseshoe  Electro-Magnet,  with  separately 
wound  magnetising  coils.  These  separate  coils  were  variously  connected, 
according  to  the  character  of  voltaic  battery  employed  to  supply  the  mag* 
netizing  current. 

could  all  be  united  into  one  long  helix,  or  variously 
combined  in  sets  of  lesser  length. 

"From  a  series  of  experiments  with  this  and 
other  magnets,  it  was  proved  that  in  order  to  produce 
the  greatest  amount  of  magnetism  from  a  battery 
of  a  single  cup  a  number  of  helices  is  required ;  but 
when  a  compound  battery  is  used  then  one  long 
wire  must  be  employed,  making  many  turns  around 
the  iron,  the  length  of  wire,  and  consequently  the 
number  of  turns,  being  commensurate  with  the  pro- 
jectile power  of  the  battery. 

"In  describing  the  results  of  my  experiments, 
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the  terms  'intensity'  and  'quantity*  magnets  were  in- 
troduced to  avoid  circumlocution,  and  were  intended 
to  be  used  merely  in  a  technical  sense.  By  the  in- 
tensity magnet  I  designated  a  piece  of  soft  iron,  so 
surrounded  with  wire  that  its  magnetic  power 
could  be  called  into  operation  by  an  intensity  battery ; 
and  by  a  quantity  magnet,  a  piece  of  iron  so  sur- 
rounded by  a  number  of  separate  coils  that  its  mag- 
netism could  be  fully  developed  by  a  quantity  battery. 
"I  was  the  first  to  point  out  this  connection  of  the 
two  kinds  of  the  battery  with  the  two  forms  of  the 
magnet^  in  my  paper,  in  Silliman's  Journal,  January, 
1 83 1,  and  clearly  to  state  that  when  magnetism  was 
to  be  developed  by  means  of  a  compound  battery  one 
long  coil  must  be  employed,  and  when  the  maximum 
effect  was  to  be  produced  by  a  single  battery  a  num- 
ber of  single  strands  should  be  used.  .  .  .  Neither 
the  electro-magnet  of  Sturgeon  nor  any  electro- 
magnet ever  made  previous  to  my  investigations  was 
applicable  to  transmitting  power  to  a  distance." 

The  complete  path  of  magnetic  flux  when  it  leaves 
a  magnet  at  its  north  pole,  and  again  enters  it  at  its  SgnSte  o£ 
south  pole,  after  having  traversed  the  region  outside clrcuit8, 
the  magnet,  is  called,  as  we  have  already  stated,  a 
magnetic  circuit.     A  magnetic  circuit  can  be  divided 
conveniently  into  two  parts ;  viz.,  that  which  is  found 
in  the  region  outside  the  magnet,  and  that  which 
exists  inside  the  magnet.     In  any  magnetic  circuit 
the  magnetic  flux  may  complete  its  path  through  a 
circuit  entirely  of   iron,   through  a  circuit  partly 
of  iron  and  partly  of  air,  or  through  a  circuit  entirely 
of  air.     There  thus  arise  three  kinds  of  magnetic  FerriCt 
circuits;  viz.,  the  ferric  magnetic  circuit,  where  theJJJJ"££.!c' 
flux  passes  entirely  through  iron;  the  aero-ferric JSJjSetfc 
circuit,  where  the  flux  passes  partly  through  air  and  cireuito- 
partly   through   iron;   and  the  non-ferric   circuit, 
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where  the  flux  passes  entirely  through  air.  In  the 
electric  circuit,  as  we  have  already  seen,  the  strength 
of  the  electric  current,  as  determined  by  means  of 
Ohm's  law,  is  directly  proportional  to  the  electro- 
motive force  acting  on  the  circuit  to  produce  a  flow 
of  electricity,  and  inversely  proportional  to  the  elec- 
tric resistance  that  opposes  such  flow.  In  a  similar 
manner,  in  the  magnetic  circuit  the  strength  of  the 
magnetic  flux  that  passes  is  proportional  to  the 
magneto-motive  force,  or  the  force  that  causes  the 
flow  of  magnetism,  and  inversely  proportional  to 
the  magnetic  resistance  of  the  circuit,  or,  as  it  is 
generally  called,  to  the  magnetic  reluctance.  The 
practical  unit  of  magnetic  flux  is  called  the  weber. 
The  practical  unit  of  magnetic  reluctance  is  called 
the  oersted,  after  the  discoverer  of  electro-magnet- 
dflfiES011  ism ;  and  the  practical  unit  of  the  magneto-motive 
ml^ietfce  force  is  called  the  gilbert,  after  Dr.  Gilbert,  the  early 
circuit       writer  on  magnetism.     Just  as  in  the  electric  circuit, 

v  volts 

amperes  —*  -r — 

r  ohms 

so  in  the  magnetic  circuit, 

.  gilberts 

webers  =*  - — __. 
oersteds 

From  the  above  the  definitions  of  the  practical 
magnetic  units  can  be  readily  understood;  viz.,  the 
Definitions  weber  is  equal  to  the  amount  of  magnetic  flux  that 
webeV,      is  produced  in  a  circuit  by  a  magneto-motive  force 
uTSte1     of  one  gilbert  acting  through  a  magnetic  reluctance 
of  one  oersted;  the  gilbert  is  the  magneto-motive 
force  that  will  cause  a  magnetic  flux  of  one  weber 
to  pass  through  a  magnetic  circuit  against  a  reluc- 
tance of  one  oersted;  while  the  oersted  is  the  re- 
luctance which  will  limit  the  passage  of  magnetic 
flux  through  a  circuit  to  one  weber  when  under  a 
magneto-motive  force  of  one  gilbert. 
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Since  it  is  the  electric  current,  i.e.,  the  amperes, 
or  the  coulombs-per-second,  that  produces  magnetic 
flux,  we  can  express  the  M.  M.  F.  in  any  circuit 
by  the  current  strength  that  passes  through  the  mag-  JSt?SkM 
netizing  coils.  If,  for  example,  in  a  coil  of  a  given  S^cto- 
number  of  turns,  a  current  strength  of  say  one  am-  &?£Te 
pere  produces  a  certain  amount  of  magnetic  flux; 
then,  if  this  current  strength  be  doubled,  the  amount 
of  magnetic  flux  produced  will  likewise  be  doubled. 
In  the  same  way,  if  the  number  of  turns  on  the  mag- 
netizing coil  be  increased,  the  amount  of  magnetic 
flux  will  be  correspondingly  increased.  For  ex- 
ample, if  a  coil  with  say  five  hundred  turns,  produces 
a  certain  flux,  a  similarly  wound  coil  containing  one 
thousand  turns  will  produce  twice  this  amount,  pro- 
vided, of  course,  the  magnetizing  current  passing 
through  it  remains  the  same.  An  ampere-turn,  that 
is,  a  single  conducting  loop  through  which  one 
ampere  of  current  is  passing,  can,  therefore,  be  taken 
as  a  unit  of  magneto-motive  force.  An  ampere-turn 
is  greater  than  a  gilbert,  being  equal  to  about  1.25 
gilberts. 

Let  us  now  inquire  into  the  reasons  for  the  great 
increase  in  the  strength  of  magnetism  produced,  by 
a  given  magnetizing  current  traversing  a  magnetiz- iroiTcore** 
ing  coil,  by  the  simple  introduction  of  a  bar  of  soft  magSetk* 
iron  within  the  coil.     Here  the  magnetizing  current  cJSSifhc 
is  the  same,  and  the  number  of  ampere-turns  is  theft??!!?0 
same.     The  only  difference  is  that  a  mass  of  soft 
iron  is  placed  inside  the  magnetizing  coil.     Since 
the  strength  of  the  magnetism  has  increased,  the 
amount  of  the  magnetic  flux  must  have  been  in- 
creased.    The  question,  then,  arises  where  the  extra 
magnetic  flux  comes  from.     Take,  for  example,  any 
non-ferric  magnetic  circuit,  such  as  that  of  the  prac- 
tical solenoid,  shown  in  Fig.  173.     How  can  we  ex- 
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plain  the  very  great  increase  in  the  magnetism  that 
has  resulted  by  the  simple  introduction  of  a  bar 
of  soft  iron  within  the  solenoid? 


Residual 


It  was,  at  first,  believed  by  some  that  the  increase 
in  the  amount  of  magnetic  flux  that  immediately 
passed  through  the  circuit  when  the  iron  was  intro- 
m^o^iim.  duced,  was  due  to  a  decrease  in  the  magnetic  re- 
luctance of  the  circuit.  This  decrease  arose,  it  was 
urged,  from  the  fact  that  that  part  of  the  magnetic 
circuit  within  the  coil  was  then  occupied  by  the  core 
of  soft  iron,  which  possessed  a  much  greater  mag- 
netic permeability,  or,  in  other  words,  a  much  smaller 
magnetic  reluctance;  and  that  this  decrease  neces- 
sarily caused  an  increase  in  the  amount  of  magnetic 
flux.  It  was,  however,  soon  pointed  out,  that,  in  the 
case  of  a  ferric  magnetic  circuit,  such  as  would  be 
produced  in  a  closed  iron  ring,  around  which  was 
wrapped  a  magnetizing  coil,  such  circuit  did  not 
lose  its  magnetism  on  the  opening  of  the  circuit, 
but  that  a  great  proportion  of  the  flux  remained  in 
the  condition  which  is  known  as  residual  magnetism. 
Prime  and  For  this  reason  it  is  now  generally  believed  that  the 
molecular  increased  magnetic  flux  is  due  to  the  molecular  mag- 
nets naturally  present  in  the  iron,  as  has  already  been 
referred  to  in  several  of  the  theories  of  magnetism ; 
that  the  magnetizing  current  causes  all  these  molecu- 
lar magnets  to  become  aligned  and  to  point  in  one 
and  the  same  direction,  so  that  there  is  added  to  the 
flux  produced  by  the  magnetizing  current,  and  some- 
times called  the  prime  flux,  a  still  greater  quantity 
of  aligned  or  structural  molecular  flux,  which  de- 
pends for  its  amount  both  on  the  character  of  the 
iron  itself,  and  on  the  intensity  of  the  magnetizing 
flux.  This  explanation  thus  shows  in  a  satisfactory 
manner  the  cause  of  the  increase  in  the  magnetic 
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effects  produced  by  the  introduction  of  a  soft  iron 
core  into  an  active  solenoid. 

Various  forms  are  given  to  electro-magnets."    One 
of  the  simplest  of  these  consists  of  a  straight  bar  of  straight- 
soft  iron  introduced  within  the  magnetizing  coil.  Signet?'™' 
Here  the  direction  of  the  polarity  will  depend  both 
on  the  direction  of  winding  and  on  the  direction  in 
which  the  current  passes.     Generally,  however,  it 
is  preferable  to  bring  the  two  poles  of  the  electro-  honaboe 
magnet  nearer  together,  thus  producing  a  magnet  of  m*BM 


Fie.  ili.— Simple  Heneabo*  Elect  to- Magnet.  Note  Lett  that  the  magnet- 
izing colli  on  the  separate  leg*  are  wound  In  the  ease  direction,  just  aa  If  they 
had  been  wound  on  a  straight  bar  and  the  bar  afterward  bent  In  the  shape  of 
a  horaethoe. 


a  horseshoe  type,  as  shown  in  Fig.  181.  In  such 
cases  it  is  not  convenient  to  cover  the  entire  bar 
with  the  magnetizing  coils.  It  is  easier  to  make  them 
in  two  separate  coils,  placing  one  coil  on  each  leg 
of  the  magnet,  as  shown. 

Where  two  separate  magnetizing  coils  are  used  two  mag. 
care  must  be  taken  to  so  connect  the  ends  of  the  coils  "lis1™*. 
as  to  cause  the  current  passing  through  them  to  flow  STto'Sefa 
in  the  same  direction,  as  is  seen  in  Fig.  182,  where ™"™ 
the  magnetizing  coils  a  and  b  are  connected  as  if  direction? 
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they  were  wound  in  the  same  direction.  This  is  nec- 
essary, so  that  a  single  north  pole  only  is  produced 
at  a,  and  a  single  south  pole  at  b,  and  a  neutral 
point  at  c. 


M  a  Since  the  resistance  offered  by  air  to  the  pas- 
Jl1^"1"  sage  of  magnetic  flux  is  far  greater  than  the  resist- 
™J*£*"  ance  offered  by  iron,  the  reluctance  of  a  horseshoe 


Fig.  183,— Horseshoe  Magnet,  formed  bj  union  of  two  separate  straight-bar 
magnets.  Note  that  the  separate  iron  cares  arc  connected  by  a  thick  plate  of 
•oil  Iron,  placed  In  znod  contact  with  the  cores;  the  magnetizing  coils  are 
connected  with  the  electric  source  at  P  and  N. 

magnet  is  necessarily  less  than  that  of  a  straight  bar 
magnet.      Consequently,  the  amount  of  magnetic 
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flux  will  be  greater,  and,  necessarily,  the  strength 
of  its  magnetism  greater. 

Electro-magnets,  produced   as  above  described, 
may  be  of  great  strength.     In  the  electro-magnet 
shown  in  Fig.  183,  the  magnet  is  suitably  supported 
on  a  wooden  frame,  and  provided  with  a  bar  of  soft  hum™- 
iron  called  the  armature,  placed  between  its  poles  at&JSSfby 
A  and  B.     The  object  of  the  armature  is  not  diffi-!™~w   c 
cult  to  understand.     Before  it  is  placed  on  the  mag-  3£{£!'b" 
net  poles  a  part  of  the  magnetic  circuit  is  formed  miffn 
by  air,  or  the  magnetic  circuit  is  of  the  aero-ferric 
type.     As  soon,  however,  as  the  armature  is  placed 
on  the  magnet  poles,  the  entire  magnetic  circuit 


is  completed  through  iron;  hence,  the  reluctance  of 
the  circuit  is  decreased,  and  the  strength  of  the 
flux  is  correspondingly  increased.  At  the  same 
time,  the  structural  magnetic  flux  of  the  armature 
is  added  to  the  magnetic  flux  of  the  magnet,  thus 
still  further  increasing  the  strength.  This  latter  is, 
in  all  probability,  one  of  the  principal  causes. 

Sometimes  the  horseshoe  type  of  magnet  takes 
a  cylindrical  shape,  as  shown  in  Fig.  184.  This; 
particular  form  of  electro-magnet  was  devised  by 
Joule,  who  thus  describes  the  construction  of  his 
cylindrical  electro-magnet  in  a  paper  published  in 
August,  1840,  in  the  "Annals  of  Electricity": 
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"I  proceed  now  to  describe  my  electro-magnets, 
which  I  constructed  of  very  different  sizes  in  order 
to  develop  any  curious  circumstance  which  might 
present  itself.  A  piece  of  cylindrical  wrought-iron, 
eight  inches  long,  had  a  hole  one  inch  in  diameter 
bored  the  whole  length  of  its  axis,  one  side  was 
planed  until  the  hole  was  exposed  sufficiently  to 
separate  the  thus  formed  poles  one-third  of  an  inch. 
Another  piece  of  iron,,  also  eight  inches  long,  was 
then  planed,  and,  being  secured  with  its  face  in  con- 
tact with  the  other  planed  surface,  the  whole  was 
turned  into  a  cylinder  eight  inches  long,  three  and 
three-quarter  inches  in  exterior,  and  one  inch  in  in- 
terior diameter.  The  larger  piece  was  then  covered 
with  calico  and  wound  with  four  copper  wires,  cov- 
ered with  silk,  each  23  feet  long  and  one-eleventh  of 
an  inch  in  diameter — a  quantity  just  sufficient  to 
hide  the  exterior  surface,  and  to  fill  the  interior 
opened  hole." 


fill.  181.— Ironclad  Electro- Magnet. 


Still  another  modification  of  the  horseshoe  mag- 
net is  shown  in  Fig.  185.  Here  the  core  of  the 
magnet  takes  the  shape  of  a  single  straight  bar.  In 
order,  however,  to  bring  the  opposite  poles  close 
together,  and  thus  decrease  the  magnetic  reluctivity 
of  the  circuit,  as  well  as  to  add  structural  magnetic 
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flux  to  it,  one  of  the  poles  is  connected  with  a  casing 

of  soft  iron  placed  outside  the  magnetizing  coils,  andTwo™_ 

extending  near  the  extremity  of  the  other  pole,  thus SdecSJT 

bringing  the  two  poles  nearer  together.     This  form  ■■•■*■. 

of  horseshoe  magnet  is  sometimes  called  an  ironclad 

magnet. 

Electro-magnets  may  be  divided  into  two  general 
classes,  according  to  the  purposes  for  which  they  are 
intended.  They  may  either  be  magnets  designed 
mainly  for  the  purpose  of  possessing  a  powerful 
attraction  for  their  armatures  at  fairly  considerable 
distances ;  or,  they  may  be  intended  mainly  to  possess 
considerable  power  of  drawing  or  holding  their  ar- 
matures to  their  poles. 

The  attraction  between  a  magnet  and  its  armature 
depends  both  on  the  strength  of  the  magnetic  flux 
in  its  circuit,  as  well  as  on  the  area  of  the  polar  sur-  Magnets 
faces  between  which  the  attraction  is  taking  place.  ££tatheir 
Its  greatest  increase  of  strength  for  thus  attracting  ^ST^t 
or  holding  its  armature  will  be  reached  when  the£orce* 
polar  surface  has  been  increased  as  far  as  is  possible 
without,  at  the  same  time,  failing  to  maintain  as 
strong  a  flux  as  is  possible  between  the  poles  and  the 
armature. 

That  a  magnet  shall  possess  the  power  of  attract- 
ing its  armature  at  a  fairly  considerable  distance,  JJjf!£t8 
of  course,  necessitates  that  it  shall  be  of  the  aero-  2£i£j^t 
ferric  type.     For  this  reason,   since  its  magnetic  Sa^b?"" 
reluctance  will  be  fairly  great,  the  magneto-motive  distances- 
force  of  its  magnets  must  be  as  great  as  possible. 

Where  a  fairly  considerable  mass  of  iron  is  em- 
ployed with  powerful  magnetizing  coils,  electro- 
magnets of  wonderful   strength  can  be  obtained. 
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Some  idea  of  this  strength  may  be  seen  from  a  pow- 
erful electro-magnet  which  was  constructed  at  the 
United  States  Torpedo  Station,  at  Willett's  Point, 
££T"krtro- Long  Island  Sound.  Here  a  sixteen  foot  cannon, 
5?3«it5i  containing  some  50,000  pounds  of  iron,  was  provided 
with  a  huge  magnetizing  coil  ten  miles  in  length. 
This  gigantic  electro-magnet  had  5250  turns,  so  that 
with  the  magnetizing  current  employed,  which  was 
about  twenty-one  amperes,  the  flux  that  was  caused 
to  pass  through  this  mass  of  iron  was  that  produced 
by  a  magneto-motive  force  obtained  from  110,250 
ampere  turns. 


Station. 


Fie.  186.— Huge  Gun  Electro-Magnet  or  V.  S.  Torpedo  Station  on  Long 
Inland  Sound.  Compare  the  site  of  the  cannon  halls  pendent  on  the  magnet  i 
pole  with  the  soldier  standing  alongiide  the  gun-magnei. 

It  will  readily  be  understood  that  this  flux,  to- 
Sjjjca  gether  with  the  aligned  or  structural  flux,  produced 
eVecwE"1  an  exceedingly  powerful  electro-magnet.  Even  at  a 
""J"11      distance  of  some  seventy  feet  from  the  gun,  the 
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intensity  of  flux  was  as  strong  as  that  produced 

by  the  earth's  magnetism.     The  general  appearance 

of  this  monster  electro-magnet  is  shown  in  Fig.  186.  j£!J™ 

Here  a  number  of  cannon  balls,  each  of  which  weighs  ™-aiDed' 

230  pounds,  are  seen  suspended  in  a  chain  from  one 

end  of  the  gun. 

The   ability   of  magnetic   flux  to   readily   pass 
through  the  human  body  is  also  well  illustrated  in  the 


case  of  the  above-mentioned  monster  gun  magnet. 
In  Fig.  187,  a  soldier  is  seen  standing  in  front  of  one 
of  the  poles.     The  magnetic  flux  is  passing  through  a^SSng 
his  body  quite  readily,  as  evidenced  from  the  factftSSS11 
that  heavy  spikes  of  iron  can  be  seen  in  the  figure1™17" 
as  supported  on  his  body  against  the  force  of  grav- 
ity.    When  an  armature  of  soft  iron  was  placed  on 
the  pole  of  the  gun  magnet,  it  required  the  united 
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efforts  of  some  sixteen  strong  men  pulling  at  a  rope 
and  tackle  in  order  to  separate  it  from  the  magnet. 

It  will  be  understood  that,  with  the  extremely 

siiiiman's   powerful  currents  that  can  readily  now  be  obtained 

ofH«Jn?i  fr"om  larSe  dynamo-electric  machines,  the  strength  of 

tSSSiJ^et  the  electro-magnets  of  to-day  are  necessarily  far  in 

excess  of  those  which  were  produced  many  years  ago. 

Nevertheless,  the  following  description  by  Silliman 

of  a  powerful  electro-magnet,  made  by  Prof.  Henry, 

for  the  Yale  College  Laboratory,  in  1831,  shows  that 

extremely  powerful  results  were  obtained  even  in 

those  early  days : 

"Prof.  Henry,  on  a  soft  iron  bar  of  fifty-nine 
pounds  weight,  used  twenty-six  coils  of  wire,  thirteen 
on  each  leg,  all  joined  to  common  conductors  at  their 
2k££?     opposite  ends,  and  having  an  aggregate  length  of 
£¥£80-     seven  hundred  and  twenty-eight  feet.     This  appara- 
capwl£t      tus>  wfrh  a  battery  of  four  and  seven-ninths  feet  of 
Coue^e.     surface,    sustained   two  thousand   and    sixty-three 
pounds,  avoirdupois :  with  a  little  larger  battery  sur- 
face it  sustained  twenty-five  hundred  pounds.     This 
electro-magnet  was  constructed   for  Yale  College 
Laboratory,  in  1831,  and  is  still  among  their  instru- 
ments." 

In  order  to  produce  permanent  magnetization  in 
hardened  steel  it  is  necessary  that  sufficiently  power- 
ful magneto-motive  forces  be  employed  to  align  the 
Sf^SSneu  molecular  magnets ;  for,  as  we  have  seen,  it  requires 
Sf*e?i      a  greater  force  to  do  this  in  hardened  steel  than  it 
SSj^JSif"1  does  in  soft  iron.     Various  methods  have  been  em- 
•*"»  •*■    ployed  for  this  purpose.     We  have  purposely  waited 
before  describing  these  methods  until  the  principles 
of  electro-magnetism  were  more   clearly  set  forth. 

Where  it  is  desired  to  obtain  the  greatest  possible 
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strength  of  magnetism  in  a  hardened  bar  of  steel, 
powerful  electro-magnets  are  employed  for  mag- 
netizing, but  where  uniformity  in  the  direction  of 
the  magnetization  is  the  principal  requirement,  as  in 
the  case  of  compass  needles,  permanent  magnets  are 
preferably  employed. 

Dr.  Gowan  Knight,  a  London  physician,  describes, 
in  the  Philosophical  Transactions,  of  1846,  a  method 
employed  by  him  for  the  magnetization  of  compass SitlSdof 
needles.      This   method   consisted    in   placing   the£!ngl2eei 
needle  to  be  magnetized  on  the  upper  surface  of  two  m**nets- 
bar  magnets,  so  that  the  cup  provided  for  suspending 
the  compass  needle  came  exactly  midway  between 
the  two  opposite  magnet  poles  N  and  S,  as  shown  in 


Fig.  188.— Knight's  Method  of  Magnetizing  Steel  Needles.  Note  that  the 
two  magnetizing  compound  magnets  M  and  M'  have  their  N  and  S  poles  sym- 
metrically placed  as  regards  the  centre  of  the  bar  s  n  that  is  being  magnetized. 
During  this  motion  it  is  necessary  to  hold  the  magnet  n  s  in  place,  so  that  the 
poles  S  and  N,  of  the  magnetizing  magnets,  may  leave  it  simultaneously  at  its 
extremities. 


Fig.  188.  The  magnetizing  bars  are  then  with- 
drawn in  opposite  directions,  as  indicated  by  the 
arrows.  Where  the  needle  is  small,  a  single  move- 
ment of  the  magnetizing  bar  will  be  sufficient,  but 
where  it  is  so  desired,  several  movements  may  be  em- 
ployed. 

Where  stronger  effects  are  desired,  compound-bar 
magnets  are  employed  in  place  of  singtebar  magnets.  Method  of 
Two  of  such  compound-bar  magnets  may  be  usediSS^bar 
simultaneously,  as  shown  in  Fig.  189,  where  the  barmaffnet8, 
B  B',  to  be  magnetized,  is  rested  on  the  opposite 
poles  of  two  compound-bar  magnets  M  and  N,  placed 
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in  the  same  straight  line  at  a  distance  apart  some* 
what  smaller  than  the  length  of  the  bar  to  be  mag- 
netized. Two  compound-bar  magnets  A  A',  having 
their  opposite  poles  separated  by  a  piece  of  wood,  are 
inclined  to  the  bar  B  B'  as  shown,  and  are  then 
care  taken  moved  successively  from  one  end  of  the  bar  to  the 
tSec!&oiw.  other,  so  that  the  number  of  strokes  upon  each  half 
of  the  bar  shall  be  the  same.  When  the  last  stroke 
is  given,  the  united  poles  are  brought  to  the  middle  of 
the  bar,  and  are  withdrawn  perpendicularly.  If  so 
desired,  these  movements  may  be  repeated  on  the 
other  side  of  the  bar  B  B'.     While  this  method  of 


Fig.  189.— Method  of  Magnetizing  a  Bar  Magnet.    A  simultaneous  double 
magnetic  touch  of  the  magnets  A  and  A'  is  here  employed. 

magnetization  produces  powerful  poles,  it  is  objec- 
tionable from  the  fact  that,  unless  great  care  be  taken, 
the  magnet  will  be  found  to  possess  consequent  poles. 

In  all  cases  the  steel  is,  of  course,  properly  hard- 
ened before  magnetization.  Where  compound  mag- 
nets are  employed,  each  bar  is  separately  magnetized, 
and  then  placed  with  all  the  similar  poles  together. 

In  order  to  retain  their  magnetism,  permanent 

Immanent  magnets  when  not  in  use  should  be  laid  aside  as 

ihSSid  be   nearly  as  possible  in  the  position  in  which  they  would 

uid  away.  come  to  rest  if  free  to  move  like  a  magnetic  needle 

when  under  the  influence  of  the  earth's  magnetism. 
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When  placed  near  each  other,  their  opposite  and  not 
their  similar  poles  should  face  each  other.  It  is  bet-  ^  v?" 
ter,  however,  always  to  place  armatures  on  the  mag-  EfJJJS" 
net  poles.  Bar  magnets  can  best  be  kept  in  pairs, 
being  placed  one  over  the  other,  with  their  opposite 
poles  together.  In  other  words,  the  magnets  should 
be  so  placed  that  the  earth's  flux  or  the  flux  of  neigh- 
boring magnets  shall  pass  through  them  in  the  same 
direction  as  does  their  own  flux. 

Where  electro-magnets  are  employed  for  mag- 
netization, their  poles  may  be  directly  applied  to  the 
bars  to  be  magnetized.  Sometimes,  however,  a  hol- 
low magnetizing  coil,  as  shown  in  Fig.   190,  has  a 


Pic.  190.— Use  of  Hollow  MagneLiiiog  Coil  (or  Magnetizing  Steel  Ban. 

strong  magnetizing  current  sent  through  it.     The 
bat  to  be  magnetized  is  then  introduced  into  the  hol- 
low coil,  and  moved  in  opposite  directions,  until  it"*"^ 
is  sufficiently  magnetized.      Here,  however,  care  ™jj« """" 
must  be  taken  not  to  remove  the  magnet  from  the  •p'™1  J* 
coil  while  the  current  is  turned  on,  but  to  stop  its  jj^gLy 
motion  at  the  central  portion  of  the  coil,  and  then 
open  the  magnetizing  circuit,  when  it  can  be  safely 
withdrawn,  otherwise,  the  magnetism  produced  will 
be  unevenly  distributed. 

When  it  is  desired  to  produce  some  particular 
effect  in  any  part  of  a  magnetic  circuit  by  the  action 
of  the  magnetic  flux,  as,  for  example,  to  have  the 
poles  of  a  magnet  attract  an  armature  placed  near 
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them,  it  is,  of  course,  necessary  that  as  nearly  as 
possible,  all  the  flux  passing  through  the  circuit  shall 
pass  between  the  magnet  poles  and  the  surface  of 

SkS°r  ^e  armature-  I*  any  °*  ^e  Aux  passes  elsewhere 
magnetic  outside  the  magnet,  it  will  be  useless  for  the  purposes 
of  drawing  or  attracting  the  armature.  It  may, 
therefore,  be  called  useless  or  stray  magnetic  flux,  or, 
as  it  is  sometimes  called,  leakage  flux,  or  simply 
magnetic  leakage.  For  example,  in  the  lines  of 
magnetic  flux  shown  in  the  case  of  the  permanent 
horseshoe  magnet,  in  Fig.  91,  leakage  flux  can  be 
seen  passing  between  the  sides  of  the  horseshoe  mag- 
net, above  the  poles  as  well  as  at  the  poles.  All  that 
flux  which  fails  to  pass  through  the  armature  is 
useless  for  all  purposes  of  acting  on  the  armature. 

We  have  already  referred  to  an  armature  of  soft 
iron  as  being  placed  across  the  poles  of  an  electro- 
magnet. Sometimes,  however,  the  armature,  in- 
SSSSi""  stead  of  being  thus  made  of  soft  iron,  is  formed  from 
[JlJSs.  a  permanent  magnet  of  hardened  steel.  Such  an 
armature  is  said  to  be  polarized,  in  order  to  dis- 
tinguish it  from  an  ordinary  or  non-polarized  arma- 
ture of  soft  iron.  When  an  armature  of  soft  iron 
is  employed,  it  will  be  attracted  or  drawn  toward  the 
magnet  poles,  no  matter  whether  such  poles  possess 
north  or  south  polarity ;  but  where  such  an  armature 
is  polarized,  the  passage  of  the  electric  current 
through  the  magnetizing  coils  of  the  electro-magnet 
will  cause  the  armature  either  to  be  attracted  or  re- 
pelled, according  to  the  direction  in  which  the  current 
is  passing  through  the  magnetizing  coils.  Such  ar- 
matures are  employed,  as  we  shall  see,  in  a  variety 
of  electro-telegraphic  apparatus. 

The  polarized  armature  is  generally  placed  be- 
tween the  poles  of  an  electro-magnet,  instead  of 
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Difference 


non- 


being  placed,  like  the  ordinary  soft  iron  armature, 
over  both  poles.     Consequently,  the  movement  of  the 
polarized  armature  toward  the  north  or  the  south 
pole  of  an  electro-magnet,  between  whose  poles  it^^pS 
is  placed,  will  depend  upon  the  direction  of  the  cur-  ^u^ed1 
rent  through  the  magnetizing  coils  of  such  electro-  SS  arm* 
magnet.     In  other  words,  a  change  in  the  direction ture* 
of  the  current  through  the  magnetizing  coils  will 
produce  a  change  in  the  pole  toward  which  the 
polarized  armature  will  be  attracted. 


When  the  magnetizing  coil  or  solenoid  is  provided 
with  a  movable  core  of  soft  iron,  the  device  is  called 


Pig.  zqx.— Krizik*s  Cores  for  Sucking  Magnets.    Note  that  in  all  these  various 
shapes  the  greatest  mass  of  the  soft  iron  is  situated  near  the  middle  of  the  cores. 


a  solenoidal  core.     Such  a  device  is  also  sometimes 
called  a  sucking  magnet.    Its  core  differs  from  the 
immovable  core  of  an  electro-magnet.     If  this  mov- 
able core  consists  of  a  bar  of  uniform  diameter,  when  soienoidai 
it  is  placed  inside  the  solenoid  coil  the  attraction  fSS&g 
or  pull  will  not  be  of  the  same  strength  throughout magnet- 
all  parts  of  the  solenoid.     It  is  greatest  when  the  bar 
is  just  entering  the  solenoid.     As  soon  as  it  passes 
the  middle  of  the  coil  the  pull  decreases ;  and  when  the 
centres  of  the  bar  and  the  coil  coincide  all  motion 
ceases,  since  both  ends  of  the  solenoid  attract  the 
movable  core  in  opposite  directions.     In  order  to 
obtain  as  nearly  a  uniform  pull  as  possible  through- 

VoL  I.-23 
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put  all  parts  of  the  solenoid,  soft  iron  cores  are  em- 
ployed, of  such  shapes  as  will  ensure  a  greater  mass 
Swftor     of  metal  near  the  middle  of  the  bar.     Such  cores 
solenoids.    or  ^TS  afe  ^jj^  Krizik's  cores.     They  may  assume 

a  great  variety  of  shapes  as  will  be  seen  in  Fig.  191. 


\ 


ELECTRICITY   IN    THE   STEEL   PLANT-CHARGINGMACHINE 
old  wit,  »d  the  new.  of  lllllng  in  onen-heirth  sice  Linn  king  'urnnce  with  the  ran 
>e  melted.      The  electrical  chiritni-micblne.  the  "Minim,"  requires  but  ant 


ELECTRO-DYNAMIC   INDUCTION, 

OR  THE  PRODUCTION  OF  ELECTRICITY 
FROM  MAGNETISM 

CHAPTER  XXX 

FARADAY    AND    HIS    RESEARCHES    ON    THE    PRODUC- 
TION OF  ELECTRICITY  FROM   MAGNETISM 

"Take  him  for  all  in  all,  I  think  it  will  be  conceded  that 
Michael  Faraday  is  the  greatest  experimental  philosopher 
the  -world  has  ever  seen." — Pbopbssgr  Johw  Tywdall 

WITH  the  single  exception  of  Oersted's  great 
discovery  of  the  production  of  magnetism 
from  electricity  there  has,  probably,  never 
been  a  single  discovery  in  electricity  and  magnetism 
that  has  produced  so  great  an  effect  on  the  electric 
arts  and  sciences,  and  has  proved  of  such  far-reaching 
value  to  the  world,  as  the  discovery  of  the  production  gSfaS.8 
of  electricity  from  magnetism,  made  on  the  29th  of  A°J£2t%, 
August,  1 83 1,  by  Michael  Faraday.  This  discovery x83X* 
gave  to  the  electric  arts  the  dynamo-electric  ma- 
chine, the  induction  coil,  the  electric  motor,  and  the 
alternating-current  transformer.  The  extended  use 
of  all  these  types  of  electric  apparatus  shows  how 
great  was  the  value  of  Faraday's  discovery.  No 
wonder,  therefore,  that  it  immortalized  the  man 
who  made  it.  Faraday's  discovery  should  indeed 
be  ranked,  in  importance,  before  the  discovery  of 
•Oersted,  were  it  not,  in  point  of  fact,  dependent  on 
Oersted's  discovery. 

(515) 
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Faraday  was  by  no  means  the  first  who  believed 
g^in  that  it  should  be  possible  to  obtain  electricity  from 
bS^ctt!011  magnetism.  Many  before  him  had  endeavored  to 
jJJj^T  do  so,  but  it  was  reserved  to  Faraday,  after  persis- 
netism.  tent  an(j  continued  efforts,  finally  to  solve  this  great 
problem. 

Faraday's  reasons  for  believing  that  electricity 
should  be  produced  from  magnetism  were  generally 
as  follows:  If  a  wire  carrying  an  electric  current 
Basis  for  acts  like  a  magnet,  as  Oersted  had  shown,  then  such 
beuet*7 "  a  w*re  should  be  able  to  produce  electric  currents  in 
conductors  placed  near  it.  Moreover,  since  electric 
currents  produce  magnetism,  so  magnetism,  on  its 
part,  should  be  able  to  produce  electric  currents. 

Faraday's  first  experiments  were  made  with  elec- 
tric currents.     It  is  a  <mrious  circumstance  that  in 
these  early  investigations  Faraday  made  a  mistake 
of  the  same  character  as  that  made  by  the  many 
investigators  who  preceded  Oersted  in  attempts  to 
obtain  magnetism  directly  from  the  voltaic  battery. 
Reason  for  They  failed  because  their  experiments  were  made 
pfiuuy't   with  batteries  on  open  circuit.      Faraday,  at  first, 
m™nStped"  signally  failed  to  obtain  any  electrical  currents  in 
conductors  placed  near  other  conductors  through 
which  electric  currents  were  passing ;  or,  as  we  shall 
hereafter  call  them  for  convenience,  active  conduc- 
tors, because  he  did  not  look  for  results  until  the 
electric  currents  in  such  active  conductors  had  been 
fully  established. 

It  is  now  well  known  that  when  an  electric  cir- 
cuit is  closed,  some  little  time  is  required  before  the 
full  current  strength  is  established,  and,  in  the  same 
way,  when  an  electric  circuit  is  opened  it  requires 
some  little  time  for  the  current  strength  to  reach 
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zero.    It  is  only  while  the  current  strength  is  either 
increasing  or  decreasing  that  the  current  is  able  to 
produce  currents  by  induction  in  neighboring  con- 
ductors.   The  arrangements  which  Faraday  madeWh 
in  order  to  induce  electric  currents  in  conductors  Ear*day 

.     finally  suc- 

placed  near  active  conductors,  were  correct  save  m  Sjjj^111 
one  respect  only,  and  this  was  the  important  one,  gjjj" 
that  he  did  not  look  for  the  establishment  of  such 
currents  until  the  current  flowing  through  the 
active  conductor  had  obtained  its  full  strength. 
Consequently,  he  failed  to  obtain  any  deflection  of 
the  needle  of  the  galvanometer  connected  with  the 
neighboring  circuit.  He  carefully  repeated  his  ex- 
periments in  various  ways,  undaunted  by  his  repeated 
failures.  Conceiving  that  possibly  he  was  not  oper- 
ating with  sufficiently  powerful  currents  in  his  active 
conductors,  he  employed  stronger  and  stronger  vol- 
taic batteries,  but  still  with  negative  results.  At 
last,  however,  nature  did  for  Faraday  what  she  al- 
ways is  ready  to  do  for  a  patient  investigator,  who 
will  intelligently  inquire  of  her — she  gave  him  a 
hint.  In  point  of  fact,  she  had  been  doing  so 
throughout  all  his  experiments,  but  this  time  Fara- 
day took  the  hint.  It  came  in  the  shape  of  a  slight 
movement  of  the  galvanometer  needle,  both  at  the 
moment  of  making  or  completing  the  circuit,  and 
at  the  moment  of  breaking  or  opening  it. 


With  this  new  indication  before  him,  Faraday 
peats  his  experiments,  and  soon  makes  the  discovery 
which  immortalizes  his  memory.     He  observes  that, 
during  the  time  an  electric  current  is  varying  inHlt 
strength,  that  is,  while  its  strength  is  either  increas-  £SSSI 
iiig  or  decreasing,  h  will  produce  by  induction  a^J^ 
flow  of  electricity  in  a  neighboring  conductor,  and 
that,  moreover,  such  induced  current  continues  only 
while  the  current  strength  in  the  active  conductor 
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is  changing,  that  is,  while  it  is  either  increasing  or 
decreasing. 

As  the  result  of  a  number  of  careful  experiments, 
Faraday  soon  ascertained  that  the  electric  current 
thus  produced  by  the  induction  of  an  active  circuit 
S^uSS  on  a  neighboring  conductor,  at  the  moment  of  mak- 
wmSu.  inS  the  circuit  in  the  active  conductor,  flows  in  a 
direction  opposite  to  that  of  the  current  in  the  active 
conductor,  that  the  current  produced  on  breaking  the 
circuit  »flows  in  the  same  direction  as  that  in  the 
active  conductor.  He  called  induction  produced  in 
this  way  volta-electric  induction. 

Bearing  in  mind  the  important  fact  discovered 
in  his  experiments  on  the  induction  of  electric  cur- 
Eiectric      rents  in  neighboring  conductors,  that  it  was  only  in 
SbudnS  by  electric  circuits,  the  strength  of  whose  currents  was 
SCiSjS2tt  either  increasing  or  decreasing,  Faraday  soon  suc- 
TOndSSon.  ceeded  in  obtaining  electricity  direct  from  magnets. 
He  did  this  both  by  moving  coils  of  insulated  wire 
toward  or  from  magnet  poles,  or  toward  or  from 
active  coils  of  wire.     He  found  that  the  currents 
were  induced  in  the  coils  only  while  the  coils  were 
moving  and  the  magnets  were  fixed;  while  the 
coils  were  fixed  and  the  magnets  were  moving; 
or,  while  both  were  moving  toward  or  from  each 
other..    In  all  such  cases,  however,  he  found  that 
the  currents  instantly  ceased  as  soon  as  the  mo- 
tions ceased. 

In  order  to  show  that  the  electricity  produced  by 
l?ecntric!tyf  induction  from  magnets  or  active  conductors  dif- 
wurcc.117     fered  in  no  respect  from  electricity  produced  by 
frictional    electric   machines,    voltaic   batteries,   or 
thermo-electric  batteries,  Faraday  employed  the  elec- 
tricity obtained  directly  from  magnetism  to  produce 
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all  the  characteristic  effects  of  the  electricity  from 
the  before-mentioned  sources.  In  this  way  he  ob- 
tained disruptive  sparks,  magnetized  steel  needles, 
and  deflected  the  needle  of  a  galvanometer.  At  first, 
however,  he  did  not  succeed  in  obtaining  chemical 
action  by  the  electric  current,  as  will  be  seen  from  a 
statement  made  by  him  in  Volume  One  of  his  "Ex- 
perimental Researches  in  Electricity": 

"All  attempts  to  obtain  chemical  effects  by  the 
induced  current  of  electricity  failed,  though  the 
precautions  before  described,  and  all  others  that 
could  be  thought  of,  were  employed.  Neither  was 
any  sensation  on  the  tongue,  or  any  convulsive  effect 
upon  the  limbs  of  a  frog,  produced.  Nor  could 
charcoal  or  fine  wire  be  ignited.  But  upon  repeat- SSnSSL 
ing  the  experiments  more  at  leisure  at  the  Royal  Mnmenui 
Institution,  with  an  armed  loadstone  belonging  tOineBlS£h€, 
Professor  Daniell  and  capable  of  lifting  about  thirty tricity" 
pounds,  a  frog  was  very  powerfully  convulsed  each 
time  magnetic  contact  was  made.  At  first  the  con- 
vulsions could  not  be  obtained  on  breaking  mag- 
netic contact ;  but  conceiving  the  deficiency  of  effect 
was  because  of  the  comparative  slowness  of  separa- 
tion, the  latter  act  was  effected  by  a  blow,  and  then 
the  frog  was  convulsed  strongly.  The  more  in- 
stantaneous the  union  or  disunion  is  effected,  the 
more  powerful  the  convulsion.  I  thought  also  I 
could  perceive  the  sensation  upon  the  tongue  and 
the  Hash  before  the  eyes;  but  I  could  obtain  no 
evidence  of  chemical  decomposition." 

We  know  now,  however,  that  when  sufficiently  2S3SS& 
strong  or  properly  commuted  such  currents  possess  dyni£te°" 
marked  powers  of  both  producing  an  electric  arc  be-  S^ierf 
tween  carbon  rods,  and  causing  chemical  action,  aschSSSa* 
the  hundreds  of  thousands  of  horsepower  of  electric  ti^SS*1" 
current  employed  every  day  in  the  different  parts  of  iouSS  arc* 
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the  world  to  cany  on  various  electro-chemical  proc- 
esses, abundantly  attest. 

Faraday  employed  very  simple  apparatus  in  his 
early  experiments  in  this  field.     In  some  of  these 
experiments  he  wrapped  a  coil  of  wire  around  a  bar 
chewier  of  of  s°ft  'ron»  and,  connecting  the  ends  of  this  coil 
^oytd    w^h  the  terminals  of  a  galvanometer,  as  shown  in 
by  Paraday  p^  j^  ke  0bserved,  whenever  the  ends  of  this 
soft  iron  bar  or  armature  were  placed  in  contact 
with  the  poles  of  an  electro-magnet,  formed  by  ar- 
ranging a  couple  of  bar  magnets  with  their  opposite 
poles  in  contact,  so  as  to  produce  a  variety  of  horse- 
shoe magnet,  that  the  needle  of  the  galvanometer  is 
deflected  in  a  certain  direction ;  but  that  if  the  arma- 


Pig.  19s.— Simple  apparatus  employed  by  Faraday  in  the  production  of  elec- 
tricity from  permanent  magnets. 

ture  remained  in  contact,  the  current  soon  ceased 
to  pass,  and  the  needle  came  into  its  position  of 
Magneto,  rest  as  when  no  current  was  passing.  As  soon, 
induction,  however,  as  the  armature  was  removed  from  the 
poles,  the  needle  was  deflected  in  the  opposite  di- 
rection,showing  that  a  current  was  again  passing  but 
now  in  the  opposite  direction.  Faraday  called  these 
phenomena  magneto-electric  induction,  in  order  to 
distinguish  them  from  induction  produced  by  elec- 
tric currents,  which,  as  we  have  seen,  he  called  volta- 
electric  induction. 

Faraday  discovered  that,  by  employing  more  pow- 
erful magnets,  he  could  readily  produce  currents  by 
induction  in  a  helix  by  merely  bringing  it  in  the 
neighborhood  of  the  magnet  poles  without  touch- 
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ing  them,  and  that  the  current  produced  by  the  ap- 
proach of  the  coil  toward  the  poles  was  in  the  oppo-  JjJJSS11 
site  direction  to  that  produced  by  its  being  moved  C^™^1 
away  from  such  poles. 


We  must  not  fail,  before  concluding  this  extremely 
brief  description  of  Faraday's  researches,  to  call 
attention  to  the  form  taken  by  two  early  types  of 
extremely  important  electric  apparatus;  viz.,  the 
dynamo-electric   machine   and   the   induction   coil, 


approach 
and  with- 
drawal of 
magnet. 


Fig.  193.— Faraday's  Disk  Dynamo,  the  first  dynamo-electric  machine  ever 
built.  Note  that  as  the  copper  plate  or  disk  is  rotated  in  the  direction  of  the 
large  arrow,  between  the  poles  n  and  /,  currents  are  produced  in  the  direction 
of  the  small  arrows.  These  currents  are  taken  from  the  copper  disk  by  the 
contacts  or  brushes  w  and  w. 


or  the  alternating-current  transformer.  His  baby 
dynamo,  the  very  first  dynamo  the  world  ever  saw, 
resulted  from  his  investigations  in  the  production 
of  electricity  from  permanent  magnets.  It  con- 
sisted, as  shown  in  Fig.  193,  of  a  copper  plate,  so 
mounted  on  an  axis  as  to  be  capable  of  rotation,  Sab^*79 
between  the  poles  of  a  powerful  compound-bar  mag-  dyn*mo- 
net,  so  as  to  cut  its  lines  of  force.  A  galvanom- 
eter, g,  was  connected  by  means  of  conducting  wires 
with  the  rotating  disk.  One  of  these  wires  was  pro- 
vided with  a  spring  contact,  which  pressed  against  the 
axis  of  the  disk,  and  the  other  with  a  similar  spring 
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contact,  which  pressed  against  the  circumference 
of  the  disk.     Under  these  circumstances,  when  the 
disk  was  rapidly  rotated,  the  electro-motive  forces 
produced  in  it  caused  a  current  to  flow  from  the  axis 
JtojSfo?"0*  Ae  disk  toward  its  circumference,  and,  hence, 
£S££5f  off  to  be  carried  off  by  the  conducting  wires  connected 
Fn  rotS&R  wit'1  *e  terminals  of  the  galvanometer.     In  this 
di8k#         way,  Faraday  converted  the  mechanical  energy  re- 
quired to  rotate  the  disk  into  electric  energy.    By  re- 
versing the  direction  of  rotation  of  the  disk,  the 
direction  of  the  current  produced  was  also  changed, 
such  current  now  flowing  from  the  circumference 
toward  the  axis  of  the  disk. 

This  early  type  of  dynamo  was  the  forerunner  of 

the  great  machines  which  have  done  so  much  for  the 

production  of  cheap  and  powerful  electric  currents. 

It  was  an  extremely  inefficient  machine,  and  no  little 

trouble  was  experienced  in  obtaining  good  contacts 

for  carrying  off  the  currents  produced,  owing  to  the 

Trouble,    difficulty  of  keeping  the  springs  in  firm  contact  with 

Sril!£by   the  circumference  and  axis  of  the  disk.     Faraday 

contacts.     afterward    produced   dynamo   machines   in   which 

coils  of  wire  were  so  rotated  before  magnet  poles 

as  to  cut  the  lines  of  magnetic  force,  as  is  done  in  the 

,    dynamos  of  to-day. 

The  early  form  given  to  the  induction  coil  or  alter- 
nating-current transformer  is  shown  in  Fig.  194. 
Here  the  coils  of  wire  A  and  B  were  wrapped,  as 
shown,  on  opposite  halves  of  a  soft  iron  ring.  One 
of  the  coils  A  was  connected  with  a  voltaic  battery, 
and  the  other  B  with  a  galvanometer.  It  was 
found  that,  whenever  the  current  began  to  flow  in  the 
coil  A,  a  current  was  produced  in  the  coil  B,  as  in- 
dicated by  the .  deflection  of  the  needle  in  a  given 
direction;  and,  whenever  the  circuit  was  broken 
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through  the  coil  A,  a  current  was  also  produced  in  B, 
but  in  the  opposite  direction,  as  shown  by  the  de- 


flection of  the  galvanometer  needle.     This  apparatus 
was  the  first  transformer  or  induction  coil  ever  pro- of  em  in- 
duced.   In  another  form  of  early  transformer,  shown 


Fig.  195. -A  form  of  early  Transformer.  Thii  It  ■omcumca 
open-circuit  transformer,  because  Its  magnetic  circuit  la  partly  t 
through  air. 

in  Fig.  195,  Faraday  wrapped  the  two  coils  of  wire, 
one  over  the  other,  around  a  bar  of  soft  iron,  in  place 
of  the  iron  ring  shown  in  the  preceding  figure. 

The  name  of  transformer  is  now  given  to  this  ap- 
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paratus  because,  by  its  means,  it  is  possible  to  alter 
or  transform  the  electro-motive  forces,  and,  con- 
sequently, the  current  produced  by  any  electro- 
motive force  that  is  rapidly  changing  its  value. 
ScS^i  Calling  the  coil  A,  Fig.  194,  through  which  the 
transformer  indticing*  current  flows,  the  primary  coil,  and  the 
coil  B,  in  which  the  current  is  produced  by  induc- 
tion, the  secondary  coil,  then  the  electro-motive 
forces  set  up  by  induction  in  the  secondary  coil 
will  compare  with  the  value  of  the  electro-motive 
forces  in  the  primary  coil,  very  nearly  in  the  pro- 
portion of  the  relative  number  of  turns  of  wire 
on  each  coil.  If,  for  example,  the  primary  coil 
be  provided  with  fifty  turns  of  wire,  and  the  sec- 
ondary coil  with  five  hundred  turns  of  wire,  then 
the  electro-motive  forces  in  the  secondary  coil  will 
be  very  nearly  ten  times  as  great  as  the  electro-motive 
forces  in  the  primary  coil.  If,  however,  the  primary 
coil  have  the  greater  number  of  turns,  then  there 
will  be  a  corresponding  decrease  in  the  electro-motive 
force  of  the  secondary  coil.  It  is  for  these  reasons 
step-up  that  transformers  are  divided  into  two  different 
dSw?t5n»-  classes  called  respectively  step-up  and  step-down 
former*,  transformers.  In  the  former,  the  electro-motive 
forces  of  the  primary  coil  are  increased  in  the  cur- 
rents induced  in  the  secondary,  while  in  the  latter 
they  are  decreased. 

It  is  not  difficult  to  understand  why  the  intro- 
duction of  a  core  of  soft  iron  into  a  coil  of  wire,  in 
which  electro-dynamic  induction  is  taking  place, 
should  increase  so  markedly  the  amount  of  the  in- 
duction. A  core  of  soft  iron,  from  its  greater  mag- 
netic permeability  than  the  air  which  it  replaces, 
offers  a  far  better  path  through  which  the  lines  of 
magnetic  force  can  complete  their  circuit.  Con- 
sequently,  a   greater   amount  of  the  flux   passes 
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through  the  core,  and  thus  decreases  the  amount  of 
useless  or  leakage  flux.     But  there  is  another  and 
far  more  important  reason  for  this  increase  in  the^£iron 
intensity  of  the  induction.     With  the  introduction  £SSVehe 
of  the  soft  iron  core  into  a  magnetic  circuit  there  is  2£?^ut. 
added,  to  the  amount  of  magnetic  flux  produced  by 
the  magnetizing  current,  a  still  greater  amount  of 
aligned  or  structural  flux,  derived  from  the  iron 
core  when  all  its  molecular  magnetic  circuits  are 
aligned,  so  as  to  be  able  to  add  their  flux  to  the 
prime  flux  of  the  magnetizing  circuit.     The  con- 
siderable increase  in  the  amount  of  magnetic  flux 
thus  introduced  into  the  circuit  will  account  for  the 
greater  part  of  the  increased  amount  of  electro- 
dynamic  induction. 


Fig.  19*.— Apparatus  employed  by  Faraday  for  obtaining  electric  spark  by 

indactrte  effects  of  permanent 


In  his  experiments  on  magneto-electric  induction, 
Faraday  succeeded  in  obtaining  a  disruptive  spark 
discharge  from  a  permanent  magnet.     He  did  this  electric  ™ 
by  placing  a  coil  of  insulated  wire  around  a  magnet  2Sed°by 
near  one  of  its  poles,  and,  arranging  its  terminals  3eSrk°" 
as  shown  in  Fig.  196,  he  succeeded,  by  driving  thelnductten* 
magnet  rapidly  through  the  core  by  means  of  a  blow 
from  a  hammer,  in  inducing  electro-motive  forces 
in  the  coil,  which  set  up  a  current  that  discharged 
itself  in  a  disruptive  spark.     Faraday  thus  describes 
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this  experiment  in  the  second  volume  of  his  "Ex- 
perimental Researches" : 

"About  twenty  feet  of  silked  copper  wire  were 
made  into  a  short  ring  helix,  on  one  end  of  a  paste- 
board tube,  through  which  a  cylindrical  magnet  an 
SS^tL°n  *nch  *n  diameter,  could  move  freely ;  one  end  of  the 
S{£riTc      helix  wire  was  fastened  to  a  small  amalgamated 
apparatus.  COpper  plate,  and  the  other  end  bent  round  so  as  to 
touch  this  plate  perpendicularly  upon  its  flat  sur- 
face, and  also  in  such  a  manner  that  when  the 
magnet  was  passed  through  the  cylinder  it  should 
come  against  this  wire,  and  separate  the  end  from 
contact  with  the  plate.     The  consequence  was  that 
whenever  this  action  was  quickly  performed,  the 
magneto-electric  spark  appeared  at  the  place  of  dis- 
junction. 

"My  apparatus  was  placed  horizontally,  and  a 
short  loose  plug  of  wood  was  put  into  the  aid  of  the 
cylinder,  so  that  the  disjunction  at  the  plate  should 
take  place  at  the  moment  the  end  of  the  magnet 
was  passing  through  the  helix  ring,  that  being  the 

id  opei 

of  the 

wit  wa 

obtained.  jjjj.Qygjj  fae  cylinder,  its  impetus  being  overcome,  as 
soon  as  the  spark  was  obtained,  by  an  obstacle  placed 
at  a  proper  distance  on  the  outside  of  a  movable 
wire.  From  the  brightness  and  appearance  of  the 
spark,  I  have  no  doubt  that  if  both  ends  of  a  horse- 
shoe magnet  were  employed,  and  a  jogging  motion 
were  communicated  to  the  light  frame  carrying  the 
helices,  a  spark  equal,  if  not  superior,  to  those  which 
down  to  this  time  have  been  obtained  with  magnets 
of  a  certain  power,  would  be  produced." 

We  have  thus,  necessarily,  from  want  of  space, 
given  an  extremely  brief  description  of  Faraday's 
exceedingly  valuable  work  in  this  department  of 


£p£  open- most  favorable  condition  of  the  apparatus.     The 
ci^ftwas  magnet   was   driven   with   a   sharp   quick   motion 
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science.     In  addition  <to  his  researches  in  -electro-dy- 
namic induction,  he  made  numerous  -experimental  p^Safi 
investigations  in  other  brandies  of  electricity  and"^^^ 
magnetism.     These  researches  are  recorded  in  three  Te*i«Btk»8 
magnificent  volumes,  termed   "Faraday's  Experi- 
mental Researches  in  Electricity,"  volumes  tfoat  will 
well  repay  careful  study  on  the  -part  of  the  student. 

Without  stopping  any  further  to  trace  Faraday's 
investigations  in  the  production  of  electricity  from 
magnetism,  we  will  proceed  to  inquire,  from  thesxpiaa* 
standpoint  of  to-day,  just  what  it  was  that  Faraday  F^iy's 
was  *donig  in  his  experiments ;  how  the  "movements  the  light 
of   conductors  toward  or  from  magnets,  or  theof     *y# 
movements  of  magnets  toward  or  from  conductors, 
could  produce  electric  currents;  why  electric  cur- 
rents were  produced  only  during  the  motion  of  the 
magnet  or  conductor,  or  at  the  moment  the  current 
in  the  active  conductor  was  eitfier  increasing  or 
decreasing  in  strength. 

« 

As  we  all  know,  the  passage  of  an  electric  current 
through  a  conductor  produces  circular  lines  of  mag- 
netic force  encircling  the  conductor.  It  would  ap- 
pear to  follow,  therefore,  that  anything  whkh  would 
set  up  such  circular  lines  of  magnetic  force  around  a  concise 


conductor  should  produce  an  electric  current  in  suchof  nature* 
conductor.     Now  this  is  what  Faraday  did.     HeSSf*78 
discovered  the  conditions  under  which  such  magnetic  l,COTe^y• 
Whirls  are  set  up  around  conductors.     He  showed 
that  this  could  be  accomplished  by  the  movement 
of  coils  of  wire  ekher  toward  or  from  magnets. 
Expressed  in  a  few  words,  Faraday's  great  discovery 
consisted  in  the  fact  that,  in  order  to  set  up  such 
magnetic  whiris,  and  thereby  produce  electric  cur- 
rents, magnetic  flux  must  be  caused  to  cut  or  pass 
through  conductors;  or,  what  is  the  same  thing, 
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that  conductors  must  be  made  to  cut  or  pass  through 
magnetic  flux.  Just  how  these  magnetic  whirls  are 
set  up,  or  why  they  should  be  set  up,  the  world  is 
as  ignorant  of  to-day  as  it  was  in  the  time  of  Fara- 
day. What  we  do  know  is,  that  whenever  magnetic 
flux,  no  matter  from  what  source  it  is  produced, 
passes  through  conductors,  such  conductors  have 
circular  magnetic  flux  produced  around  them,  and, 
consequently,  electric  currents  flowing  through 
them. 

The  production  of  electric  currents  by  the  passage 
of  magnetic  flux  through  conductors  is  generally 
SodlJced    called  electro-dynamic  induction.     Here,  as  in  the 
dyifiSfc0"  C3LSe  °*  the  production  of  electricity  by  any  of  the 
induction,   different  electric  sources  already  described,  what  is 
in  reality  produced  is  not  electricity  directly,  but 
electro-motive  forces,  that  tend  to  set  the  electric- 
ity in  motion.     This  is  also  the  case  with  electro- 
dynamic   induction.     By   its   action   electro-motive 
forces  are  set  up,  and  these,  in  turn,  produce  an  elec- 
tric current  in  any  circuit  on  which  they  are  per- 
mitted to  act. 

It  is  easy  to  see  how,  when  the  magnetic  flux 
of  a  permanent  or  an  electro-magnet  is  employed  to 
SpSiy      produce  electro-dynamic  induction,  that  either  the 
■ttSng&of  roag'tet  or  the  conductor  can  be  moved,  so  as  to 
acSJe  co?i  cause  the  magnetic  flux  to  pass  through  the  conduc- 
ittmtJJ^tic  tor.     At  first  sight,  however,  it  is  not  so  easy  to  un- 
Srown"-"  derstand  how  this  cutting  of  the  conductor  by  lines  of 
ingm^    magnetic  force  is  brought  about  in  the  case  of  a 
ducton.     conductor  placed  near  another  conductor,  through 
which  a  current,  whose  strength  is  rapidly  varying, 
is  passing.     The  following  consideration,  however, 
will  remove  this  difficulty.     When  an  electric  cur- 
rent is  passing  through  any  conductor,  the  lines  of 
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magnetic  force  which  it  produces  surround  such  con- 
ductor. As  the  current  strength  gradually  increases 
from  nothing  up  to  its  full  value,  the  lines  of  mag- 
netic force  increase  in  number,  and  move  outward 
or  away  from  the  axis  of  the  conductor.  While 
the  current  strength  in  the  circuit  is  decreasing,  the 
number  of  the  circular  lines  of  magnetic  force  de- 
crease, and  the  flux  contracts,  or  moves  inward  to- 
ward the  axis  of  the  conductor.  Now  these  lines 
of  expanding  or  contracting  magnetic  force  will 
necessarily  cut  or  pass  through  any  conductor 
placed  in  their  neighborhood,  and  this  catting  will 
necessarily  set  up  electro-motive  forces,  and,  conse- 
quently, currents  in  the  conductor. 

Faraday's  rank  as  an  experimental  philosopher  is 
recognized  generally  all  over  the  world.  In  his  case, 
unlike  those  of  many  of  the  world's  greatest  dis- 
coverers, his  ability  was  generally  recognized  by  his  reco?nued 
contemporaries.  As  early  as  1824,  he  was  elected  t«nponSS» 
one  of  the  Fellows  of  the  Royal  Society  of  Eng- 
land and  was  made  a  member  of  the  Royal  Insti- 
tution in  1825.  His  membership  in  foreign  learned 
societies  increased  so  rapidly  that,  in  1844,  lie  was 
a  member  of  no  less  than  seventy  such  societies. 
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CHAPTER    XXXI 


VARIETIES  OF   ELECTRO-DYNAMIC   INDUCTION 

"Any  displacement  of  the  relative  positions  of  a  closed  cir- 
cuit, and  of  a  current  or  magnet,  develops  an  induced  current, 
the  direction  of  which  is  such  as  would  tend  to  oppose  the 
motion." — Lenz's  Law 


HERE  are,   generally,   four  different  ways 

in  which  a  conductor  may  be  moved  across 

2i£u£esof     *         magnetic   flux,    or   magnetic   flux   moved 

hSISSon.   across  a  conductor,  so  as  to  set  up  electro-motive 

forces,  and,  consequently,  currents  therein. 


Dynamo- 
electric 
.induction. 


In  the  first  place,  a  conductor  may  be  moved 
across  the  flux  produced  by  a  magnet,  so  that  it 
passes  through  or  cuts  such  flux.  The  conductor, 
therefore,  has  an  electro-motive  force  and  current  set 
up  in  it.  Induction  produced  in  this  way  is  called 
dynamo-electric  induction. 


Magneto- 
electric 
induction. 


In  the  second  place,  magnetic  flux  may  be  moved 
across  a  conductor  by  the  motion  of  the  magnet, 
or  by  the  motion  of  an  active  electric  circuit,  so 
that  the  flux  of  the  magnet  or  of  the  circuit  may  cut 
the  conductor,  and  thus  set  up  electro-motive  forces 
and  current  therein.  Induction  produced  in  this 
way  is  called  magneto-electric  induction. 


In  the  third  place,  the  expanding  and  contracting 

hlducSfon.   l*nes  of  magnetic  force  that  are  set  up  around  the 

axis  of  a  conductor  when  the  current  passing  through 
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it  is  rapidly  increasing  or  decreasing  in  intensity, 
may  be  caused  to  cut.  or  pass  through  a  neighbor- 
ing conductor.  In  this  manner  electro-motive  forces 
and,  consequently,  currents,  are  set  up  in  the  conduc- 
tor. Induction  produced  in  this  way  is  called 
mutual  induction,  from  the  fact  that  each  circuit 
tends  to  induce  electro-motive  forces  in  the  other. 

In  the  fourth  place,  the  expanding  or  contract- 
ing lines  of  magnetic  force  set  up  around  a  conduc- 
tor, the  strength  of  the  current  passing  through  Auction, 
which  is  undergoing  rapid  variations,  may  cut  dif- 
ferent parts  of  the  conductor  itself,  and  so  tend  to 
set  up  electro-motive  forces  and  currents  therein. 
Induction  produced  in  this  way  is  called  self-induc- 
tion, or  inductance. 

The  value  of  the  electro-motive  forces  produced 
by  electro-dynamic  induction  depends  upon  the  rate 
at  which  the  lines  of  magnetic  force  pass  through 
or  cut  the  conductor.     In  other  words,  the  strength  SmS?1 
of  the  induced  E.M.F.'s  depends  on  the  number ^w^fuie 
of  lines  of  magnetic  force  that  so  pass  through  orBjSuvt 
cut  the  conductor  in  a  given  time,  say  a  second.  S^Sied. 
Anything  that  causes  an  increase  in  the  number  of 
such  lines  that  thus  cut  the  conductor  will  increase 
the  value  of  the  electro-motive  forces  induced.     It 
will  be  evident  that  such  increase  can  be  obtained  by 
increasing  the  strength  or  density  of  the  magnetic 
field.     It  can  also  be  obtained  by  increasing  the  speed 
with  which  the  wire  or  magnet  is  moved,  as  well  a9 
by  increasing  the  length  of  the  wire  or  conductor 
that  is  exposed  to  the  cutting. 

Since,  in  all  practical  cases  of  electro-dynamic  in- 
duction, the  wire  is  made  in  the  form  of  conducting 
loops,  another  way  of  determining  the  value  of  the 
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electro-motive  forces  produced  is  to  determine  the 
v»ineof  quantity  or  amount  of  flux  with  which  such  con- 
dep«rtat  ducting  loops  are  filled  or  emptied  in  a  given  time 
$SS2&  during  the  motion.  Looked  at  in  this  light,  all 
J^E^0*  devices  for  producing  electro-dynamic  induction  con- 
to££ctia*  sist,  practically,  of  means  for  alternately  filling  and 
emptying  conducting  loops  with  magnetic  ftux ;  the 
greater  the  number  of  such  loops,  the  greater  the 


■JL 


density  of  the  magnetic  flux  that  can  be  utilized  for 
their  alternate  filling  and  emptying,  and  the  greater 
the  speed  with  which  such  filling  and  emptying  is 
carried  on,  the  greater  the  value  of  the  electro-motive 
forces  produced. 

Let  us  now  consider  the  directions  of  the  E.M.F.*s 
produced  by  electro-dynamic  induction   from  the 
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standpoint  of  the  cutting  of  magnetic  flux.     This 
direction  is,  perhaps,  best  remembered  by  means 
of  a  rule  called  Fleming's  hand  rule.     Suppose  the 
right  hand  be  held  in  the  position  shown  in  Fig.  SSSumfc8 
197.     Then,  if  a  conductor  be  moved,  in  the  same  J^^" 
direction  as  that  in  which  the  thumb  points,  at  right  e.m!f?»80£ 
angles  across  the  magnetic  flux,  which  is  assumed  to lnduced- 
be  passing  in  the  direction  indicated  by  that  in  which 
the  forefinger  points,  the  E.M.F.'s  generated  will 
have  a  direction  the  same  as  that  in  which  the  middle 
finger  points. 

A  simple  modification  of  Fleming's  hand  rule, 
which  will,  perhaps,  make  it  easier  to  remember  the 


It 


IH/9ct*Q*tf*fefi»* 


] 


M. 


3 


Pig.  198.— Modification  of  Fleming'*  Hand  Rule. 


directions  of  the  induced  E.M.F.'s  consists  in  cut- 
ting a  sheet  of  paper  in  the  form  shown  in  Fig.  198, 
and  marking  it  as  there  indicated.  If  the  arm  P 
be  bent  upward  at  the  dotted  line,  there  will  thus 
be  obtained  the  three  axes  at  right  angles  to  one 
another,  representing  respectively  the  thumb,  fore- 
finger and  middle  finger  of  the  right  hand  of  the 
preceding  figure.    These  axes  may  be  employed  in 
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place  of  the  hand  in  the  application  of  Fleming's 
rule. 

We  may  determine  the  direction  of  the  E.M.F.'s 
so  produced  from  the  standpoint  of  the  filling  or 
emptying  of  conducting  loops  with  flux  by  the  fol- 
lowing rule;  viz.: 

Regarding  the  conducting  loop  as  the  face  of  a 
deter-  watch  held  directly  facing  an  observer,  if  the  flux 
direcutnoi  in  filling  this  loop,  pass  through  it  in  the  same  direc- 
inrtnUd  in  tioti  as  does  the  light  which  passes  from  the  watch 
imp^        face  to  the  observer's  eye,  the  induced  E.M.F.'s 


set  up  around  the  loop  will  have  the  same  direc- 
tion as  the  hands  of  the  watch.  If,  however,  the 
flux,  in  filling  the  loop,  be  entering  it  in  the  opposite 
direction  to  that  of  the  rays  of  light,  the  induced 
E.M.F.  will  have  a  direction  opposite  to  that  of 
the  hands  of  the  watch.  Where  the  loops  are 
emptied  of  magnetic  flux  the  direction  of  the 
E.M.F.'s  produced  are  the  same  as  those  obtained 
by  filling  the  loop  with  flux  in  the  opposite  direction. 

In  order  to  illustrate  this  rule,  suppose  the  con- 
ducting ring,  Fig.  199,  be  held  at  rest  in  the  posi- 
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tion  A  above  the  poles  of  the  permanent  horseshoe 
magnet.    Then,  since  no  change  is  occurring  in  the 
quantity  of  flux  that  is  flowing  through  the  loop,  no 
change  occurs  in  the  E.M.F.     But,  if  it  be  moved  on*?1001 
downward,  or  toward  the  magnet  into  the  denser  induced  in 
portion  of  the  field,  more  flux  will  pour  through  it,  S?pdSS| 
and  an  E.M.F.  will  be  produced  whose  direction,  in-meST*" 
dicated  by  the  arrows,  is  in  accordance  with  the  pre-  i£«  of h 
ceding  rule.     Moreover,  the  value  of  this  E.M.F.  ■MgneL 
increases  until  the  loop  reaches  a  position  near  the 
magnet  where  the  amount  of  flux  is  greatest.     If 
now  the  motion  be  continued  downward,  where  the 
density  of  flux  is  less,  the  flux  will  commence  to 
pour  out  of  the  loop,  and  a  change  will  take  place  in 
the  direction  of  the  E.M.F.  produced,  as  indicated 
by  the  arrows.     If  the  movement  of  the  loop  now  be 
directed  upward,  the  E.M.F.'s  produced  will  be  those 
indicated  by  the  arrows  in  the  figure. 

It  is  on  the  rate  at  which  the  conducting  loop  is 
being  filled  with  and  emptied  of  magnetic  flux,  and 
not  on  the  amount  or  quantity  of  such  flux,  that 
the  value  of  the  E.M.F.'s  produced  depends.  A 
rapid  motion  through  a  weak  field  will  produce  aVrfncoi 
higher  E.M.F.  than  a  slow  motion  through  a  dense  dependent 

°  .  ^°  on  rate  of 

field,  provided  the  rate-of -change  in  the  amount  of  change  of 
flux  that  is  alternately  passing  into  and  out  of  the 
loop  is  higher  in  the  second  case  than  it  is  in  the 
first.  For  this  reason,  in  dynamo-electric  machines, 
any  increase  in  the  speed  of  rotation  of  the  armature 
increases  the  value  of  the  E.M.F.'s  produced  in  it. 

There  is,  in  reality,  no  difference  between  dynamo- 
electric  induction,  where  a  conductor  is  moved  across 
magnetic  flux,  and  magneto-electric  induction, 
where  the  flux  either  from  a  magnet  or  from  an  ac- 
tive conductor,  is  moved  across  another  conductor. 
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The  difference  in  the  terms  is  merely  for  greater 
convenience  in  describing  similar  phenomena  pro- 
duced by  practically  the  same  cause;  viz.,  the  filling 
and    emptying    of    conducting    loops    with    mag- 
^^""io  netic  flux.     An   interesting  example  of  dynamo- 
mi&ihi  electric  induction,  where  the  E.M.F.'s  are  produced 
jU^SflJ^i,  by  the  movement  of  a  conducting  wire  across  the 
magnetic  field  of  the  earth  itself,  can  be  seen  by 
means  of  the  apparatus  shown  in  Fig.  200.     Here  a 
coil  of  wire  containing  many  separate  turns  is  shown 
mounted  so  as  to  be  rapidly  rotated  in  the  earth's 


field.  In  this  manner,  being  alternately  filled  with 
and  emptied  of  the  earth's  flux,  it  has  E.M.K's  and, 
consequently,  currents,  generated  in  it 

Magneto-electric  induction  is  very  readily  exper- 
imentally demonstrated.     If,  for  example,  the  per- 
S}™'u     manent  steel  bar  magnet  A  B,  Fig.  201,  be  rapidly 
El^ou™  thrust  into  a  hollow  coil  of  insulated  wire  D,  the  ter- 
c  magnet.  mjnais  Qf  wnicn  are  connected  with  the  galvanometer 
G,  the  galvanometer  needle  will  show  the  presence 
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of  a  current  in  D  by  the  movement  of  the  galvanom- 
eter needle  in  a  certain  direction.  The  rapid  with- 
drawal of  the  magnet  A  B  from  the  coil  will  also  pro- 
duce a  current,  but  now  in  the  opposite  direction,  as 
indicated  by  the  movement  of  the  needle  of  the  gal- 
vanometer in  a  direction  opposite  to  that  of  its  first 
movement.  In  all  cases  these  currents  continue 
only  while  the  magnet  is  moving.  As  soon  as  the 
magnet  comes  to  rest,  the  needle  of  the  galvanom- 
eter returns  to  its  original  position  of  rest,  thus 


it  produced  In  coil  by  mar 


showing  that  no  current  is  flowing.  Moreover,  the 
value  of  the  E.M.F.'s  produced  is  greater  the  more 
rapid  the  motions  of  the  magnet  into  and  out  of  the 
coil  D.  If  these  movements  take  place  slowly,  the 
galvanometer  needle  will  indicate  small  E.M.F.'s, 
and,  consequently,  small  currents  by  the  small  ex- 
tent of  its  motion ;  while,  if  the  movements  take  place 
rapidly,  a  greater  galvanometer  deflection  indicates 
the  setting  up  of  greater  currents  by  induction. 
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If  the  coil  D  be  provided  with  a  core  consisting  of 
a  bundle  of  soft  iron  wires,  shown  in  Fig.  202,  the 
motion  of  the  magnet  toward  and  from  the  core  will 
produce  in  E.M.F.'s  and  currents  the  same  direction 
as  were  produced  by  its  motion  toward  and  from  the 
hollow  coil,  only  the  value  of  the  RM.F.'s  and  cur- 
rents produced  will  be  greater,  on  account  of  the 
presence  of  the  soft  iron. 


A 


J 


Fin.  m.— Eflect  of  pretence  of  soft  iron  core  Inline  col]  of  Fig.  m. 

Similar  effects  are  produced  by  causing  the  flux 
of  an  active  conductor  H'  to  be  moved  toward  and 
from  the  hollow  conducting  coil  H,  Fig.  203  as  were 
obtained  by  the  movements  of  the  magnet  P. 

Reintivc  ^et  us  now  colder tne  directions  of  the  E.M.F.'s 
UftgJEJL  produced  by  these  different  means,  above  referred 
Kmwfc  to-  Calling  the  coil  H'  through  which  the  in- 
ducing current  is  passing,  the  primary  coil,  as  in 
the  case  of  the  transforming  coil  shown  in  connec- 
tion with  Fig.  194,  and  the  coil  H  in  which  the 
E.M.F.'s   are   induced,   the   secondary  coil,   then, 
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when  the  primary  coil  is  moved  toward  the  second- 
ary coil,  the  current  induced-  in  the  secondary  coil  is 
in  the  opposite  direction  to  that  in  the  primary. 
On  the  other  hand,  when  the  primary  coil  is  moved 
away  from  the  secondary  coil,  the  current  induced  in 
the  secondary  is  in  the  same  direction  as  that  in  the 
primary.  So,  too,  in  the  case  of  the  magnet  shown 
in  Fig.  201.  When  this  magnet  is  pushed  into  the 
hollow  coil  D,  the  current  induced  in  the  coil  flows 
in  the  opposite  direction  to  the  direction  of  the  elec- 
tric currents  that  are  assumed  by  Ampere's  theory 


Fig.  103.— Currents  induced  in  stationary  coil  by 
Note  that  as  the  active  coll  W  is  thrust  down  over  1 
eter  needle  is  deflected  la  a  certain  direction,  and 
withdrawn  from  H  the  needle  Is  deflected  in  the  opj 


to  produce  such  magnetism.  When  the  magnet  is 
drawn  out  from  the  hollow  coil,  the  direction  of 
the  current  produced  in  such  coil  is  the  same  as  that 
of  the  amperian  currents  required  to  produce  the 
magnet  pole. 

The  direction  of  the  currents  produced  by  dy- 
namo-electric   induction    can    be   deduced    from   a  i; 
consideration    of    the    principle    of    the   conserva-m 
tion  of  energy.    This  was  pointed  out  by  Lenz,  and 
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is  known  in  science  as  Lenz's  law.  Whenever 
electric  energy  is  produced  by  any  means,  it  is 
necessary  that  some  other  form  of  energy  be  ex- 
pended. Consequently,  the  production  of  electric 
energy  by  motion  either  of  conductors  past  magnets, 
or  of  magnets  past  conductors,  calls  for  an  expendi- 
ture of  the  mechanical  energy  required  to  obtain 
such  motions.  We  know,  from  the  researches  of 
Ampere,  that  electric  currents  possess  the  power  of 
oVXenK011  attracting  or  repelling  other  electric  currents,  accord- 
diraeSoo  of  mS  to  ^e  direction  in  which  such  currents  flow,  and 
produced  ^at  magnetic  flux  is  capable,  in  a  similar  manner, 
mcmsoT  °f  attracting  or  repelling  magnets,  according  to  the 
active  coii§.  directions  of  the  magnetic  flux  produced  by  each. 
Now  it  is  evident  that,  if  we  produce  an  electric  cur- 
rent in  the  coil  H  of  Fig.  203,  by  moving  the  coil  H' 
toward  H,  an  expenditure  of  mechanical  energy  is 
necessary.  Consequently,  the  direction  of  the  cur- 
rent produced  by  such  motion  in  H  must  be  such  as 
would  repel  the  current  in  the  coil  H',  thus  rendering 
it  necessary  that  energy  be  expended  in  moving  the 
coil  H  toward  H',  despite  this  repulsion.  But  we 
have  seen,  in  electro-dynamics,  that  parallel  electric 
currents  repel  each  other  when  flowing  in  oppo- 
site directions.  Consequently,  we  would  expect  that 
the  direction  of  the  current  produced  in  the  second- 
ary coil  H,  by  the  motion  of  the  primary  H'  toward 
it,  should  be  opposite  to  that  of  the  direction  of  the 
current  in  the  primary  coil,  and  this  we  find  to  be  the 
case. 

Lenz's  law  may,  therefore,  be  stated  as  follows: 
The  direction  of  the  current,  produced  in  any  case  of 
electro-dynamic  induction,  is  such  as  will  tend  to 
oppose  the  motion  by  which  it  is  caused. 

Now,  applying  Lenz's  law  to  the  case  of  the  cur- 
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rent  produced  by  withdrawing-  the  primary  from  the 
secondary,  we  would  expect  that  the  direction  of  the 
current  induced  in  the  secondary  should  be  the  same 
as  that  produced  in  the  primary,  which  we  find,  by 
experiment,  to  be  actually  the  case.  Parallel  currents 
flowing  in  the  same  direction  attract  each  other,  and 
attraction  between  two  coils  would  render  it  neces- 
sary to  expend  energy  in  withdrawing  or  separating 
them.  It  is  the  energy  thus  expended  which  appears 
as  electric  energy  in  the  secondary  coil. 

In  all  the  different  cases  that  we  have  considered 
of  electro-dynamic  induction,  the  E.M.F/s  are  in- 
duced in  the  conductor  only  while  changes  are  oc-  Electric 
curring  in  the  amount  of  magnetic  flux  entering  or  %££££ 
passing  out  of  the  conducting  loops.     Such  was  the  SUUhI1' 
case  while  the  conducting  loop  of  Fig.  199  was  be-  occurnn«- 
ing  filled  with  or  emptied  of  magnetic  flux,  as  it 
was  moved  toward  and  from  the  poles  of  the  per- 
manent  horseshoe    magnet.      Such    was   the   case 
while  the  magnet  of  Figs.  201  and  202  was  either 
approaching   or    moving    away    from    the    hollow 
conducting  coil;  and  such  was  also  the  case  while 
the  coil  of  wire  of  Fig.  203,  was  moved  toward  or 
from  the  secondary  coil. 

An  actual  motion  of  either  the  primary  or  the 
secondary  coil,  however,  is  not  necessary  in  order  Motion  of 
to  produce  induced  E.M.F.'s.     In  cases  of  mutual  o^mract- 
induction,  currents  are  induced  by  means  of  the  ex- netkSui 
panding  and  contracting  lines  of  magnetic  force  that  ISducUonl 
follow  rapid  variations  in  the  strength  of  the  cur- 
rent flowing  through  the  primary  coil. 

Suppose,  for  example,  that  both  the  primary  and 
the  secondary  coils  be  placed  on  the  same  core,  by 
being  wound  one  on  top  of  the  other,  as  shown  in 
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Fig.  204,  and  that  the  terminals  of  the  primary  coil 
be  connected  with  the  terminals  of  the  voltaic  cell, 
and  the  terminals  of  the  secondary  coil  be  connected 
with  the  galvanometer  G.  Suppose,  moreover,  that 
means  are  provided  for  rapidly  making  and  break- 
ing the  circuit  of  the  terminals  of  the  voltaic  cell, 
by  means  of  a  key,  or  by  lifting  either  of  the  ter- 
minals of  the  voltaic  cell  out  of  one  of  the  mercury 
cups  g  or  g.  Then,  the  following  may  be  demon- 
strated, viz. : 


PtC  10,.— Apparatus  lor  demons! ruling  minimi  induction. 

That  at  the  moment  of  closing  or  making  the  cir- 
cuit of  the  primary  a  momentary  current  will  be  in- 
of1^™  duced  in  the  secondary  coil,  in  a  direction  opposite 
EJ^mutiMi  to  that  of  the  current  flowing  through  the  primary 
coil.     This  will  be  indicated  by  the  movement  of  the 
galvanometer  needle  in  a  certain  direction. 

That,  at  the  moment  of  breaking  the  circuit  of 
the  primary  coil,  a  current  is  induced  in  the  second- 
ary coil  that  has  the  same  direction  as  the  current  in 
the  primary.  This  will  be  indicated  by  the  gal- 
vanometer needle  now  moving  in  the  opposite  di- 
rection to  that  in  which  it  moved  in  making  the  cir- 
cuit through  the  primary,  coil. 

As  in  all  the  other  cases  of  electro-dynamic  induc- 
tion, these  are  but  momentary  currents,  only  flow- 
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ing  white  the  current  in  the  primary  coil  is  either  in- 
creasing from  nothing  up  to  the  full  strength  that  SSSSe?ry 
the  voltaic  cell  is  capable  of  sending  through  the  cir-  fodueed*11* 
cuit,  or  while  it  is  decreasing  from  this  full  strength™'™1"*' 
to  zero. 

In  the  induction  coil,  or  the  inductorfum,  we  find 
one  of  the  practical  applications  of  mutual  induc- 
tion. This  coil  forms  a  variety  of  step-up  trans- 
former, in  which  the  secondary  has  a  length  far  indncuoo 
greater  than  that  of  the  primary.  Consequently,  ductortum. 
the  E-M.F.'s  produced  by  induction  in  the  secondary 
may  be  so  far  increased  as  to  be  capable  of  causing 
disruptive  sparks  to  pass  through  fairly  considerable 
lengths  of  air.     Coils  of  this  description  have  been 


Fig.  105.-  -Rub  oik  aril's  Induction  Coil  or  laductorium. 

devised  by  a  number  of  investigators,  such  as  by 
Henry,  Page,  Masson,  Callan,  Sturgeon,  Ruhm- 
korff,  and  Ritchie. 

The  Ruhmkorff  induction  coil  is  shown  in  Fig.  Rimmkorfl 
205.  The  primary  coil  consists  of  a  few  turns  of  cot" 
thick  copper  wire,  and  the  secondary  coil  of  very 
many  turns  of  fine  wire.  The  secondary  turns  are 
sometimes  thousands  of  times  greater  than  the  num- 
ber of  turns  in  the  primary,  and,  in  the  case  of  very 
large  coils,  may  be  formed  from  a  wire  several  hun- 
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dred  miles  long.  The  primary  wire  is  wound  in  the 
form  of  a  hollow  coil  or  helix.  Inside  of  this  coil 
is  placed  a  soft  iron  core,  composed  of  a  number  of 
separate  iron  wires.  The  primary  coil  is  insulated 
from  the  secondary  by  means  of  a  thick  cylinder  of 
glass  or  hard  rubber.  The  secondary  wire  is  wound 
on  the  outer  surface  of  this  cylinder. 

Necessity  Owing  to  the  great  length  of  wire  employed  in 
finewSf in  suc^  secondaries,  it  is  necessary  that  very  fine  wire 
riJc*5?.ary  be  employed,  since,  otherwise,  the  coil  would  be- 
come so  large  as  to  be  removed  too  far  from  the 
influence  of  the  expanding  and  contracting  mag- 
netic flux  produced  in  the  primary  coil.  The  ends 
or  terminals  of  the  secondary  coil  are  brought  out 
at  opposite  ends  of  the  coil,  and  are  connected 
with  the  posts  S  and  S. 


Mercury 


In  order  to  ensure  a  rapid  increase  and  decrease 

in  the  strength  of  the  primary  current,  its  circuit  is 
break.        rapidly  made  and  broken  by  means  of  some  device,  in 

this  case  by  means  of  a  mercury  break,  shown  at  G. 

A  device  called  a  commutator,  for  readily  changing 
commutot-  the  direction  of  the  battery  current  through  the 
ingkey.      prjmary,  is  shown  at  the  nearer  right-hand  corner 

of  the  figure. 

In  large  induction  coils,  the  number  of  turns  of 
s^condaVy  t^e  secondary  wire  is  so  much  greater  than  the  num- 
tlJriu^of  her  of  the  primary,  that  the  voltage  of  a  battery 
e!&%.  capable  of  producing  only  a  comparatively  few  volts 
S£enShlcr  can  ke  r^ised  or  transformed  many  thousands  of 
times.  Of  course,  it  will  be  understood  here  that, 
since  the  resistance  of  a  long,  thin,  primary  circuit 
is  necessarily  high,  the  strength  of  the  current  pro- 
duced in  the  secondary  will  be  considerably  smaller 


than  in 

primary 

circuit. 
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than  the  strength  of  the  current  which  flows  through 
the  primary. 

As  we  have  seen,  the  value  of  the  E.M.F.'s,  pro- 
duced in  any  variety  of  electro-dynamic  induction, 
is  due  to  the  rate  at  which  the  lines  of  mag- 
netic force  either  cut  the  conductor,  or  pass  into  or 
out  of  the  conducting  loops.  In  the  case  of  mutual 
induction,  the  value  of  the  E.M.F.'s  produced  will, 


IB  of  Induction  coll  showing  the  Iniertion 


therefore,  depend  on  the  suddenness  or  the  quickness 
with  which  the  current  can  be  both  started  and 
stopped  in  the  primary  coil.     In  order  to  decrease  r*m.fv. 
the  length  of  time  during  which  the  spark  produced  RdSStaa 
on  breaking  the  circuit  in  the  primary  continues,  £$SS^!i 
and  thus  increase  the  value  of  the  E.M.F.'s  pro-5££t™d 
duced  in  the  secondary,  the  terminals  of  a  con-Soa"7 
denser  C,  C  are  introduced  into  the  circuit  of  the  in- 
duction coil,  in  the  manner  shown  in  Fig.  206.     In 
this  same  figure  will  also  be  seen  the  various  con- 
nections of  the  induction  coil.     The  soft  iron  core 
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Construc- 
tion of 
condenser 
employed 
in  Ruhm- 
korff  coil. 


is  shown  at  I  I,  the  primary  wire  is  shown  at  P  P, 

and  the  secondary  wire  at  S  S. 

It  will  be  seen  that  one  of  the  terminals  of  the 
battery  B,  is  connected  to  one  terminal  of  the  pri- 
mary circuit,  and  that  the  other  terminal  is  connected 
to  the  battery  through*  the  terminals  of  the  con- 
denser C,  C\  The  condenser  consists  of  a  number  of 
sheets  of  tin-foil  placed  over  one  another,  and  insu- 
lated by  means  of  sheets  of  paper  soaked  in  paraffine, 
or  by  sheets  of  oiled  silk,  placed  between  alternate 
sheets  of  tin-foil.  The  tin-foil  sheets  project  over  the 
edge  of  the  pile,  at  one  side,  at  s,  sf,  s"  and  s"',  Fig. 
207, and, at  the  opposite  side,at  c,cVand  c'",so  that 


Fig.  907.— Construction  of  condenser  employed  in  induction  coil. 


Action  of 
automatic 
circuit 
breaker. 


when  joined  by  binding  screws,  all  the  odd  pairs 
form  one  coating  of  a  single  condenser,  and  all  the 
even  pairs  the  opposite  coating.  The  device  shown 
at  H  O,  is  called  an  automatic  circuit  breaker,  em- 
ployed for  rapidly  and  automatically  breaking  and 
making  the  circuit  of  the  primary  coil. 

The  automatic  circuit  breaker  will  be.  better  under- 
stood from  an  examination  of  Fig.  208.  Here 
a  soft  iron  armature  B,  placed  directly  opposite  the 
core  of  the  Ruhmkorff  coil,  is  supported  by  a  stiff 
spring  C,  and  is  so  introduced  into  the  circuit  of 
the  battery,  as  is  better  shown  in  Fig.  206,  that 
the  circuit  is  closed  whenever  the  platinum  con- 
tact points  on  the  ends  of  D  and  B  touch  each  other. 
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As  soon  as  this  happens,  the  battery  current  flows 
through  the  primary  circuit  and  makes  the  iron  core 
an  electro-magnet.  Immediately,  therefore,  the  ar- 
mature of  soft  iron  B  is  drawn  or  attracted  toward 
the  core  of  the  induction  coil,  thus  breaking  the  cir- 
cuit of  the  primary.  The  core  of  the  induction  coil, 
instantly  losing  its  magnetism,  the  elasticity  of  the 
spring  C  causes  it  to  move  back,  and  again  closing 
the  contact,  again  sends  a  battery  current  through 
the  primary  coil,  and  is  again  attracted  to  the  iron 
core.     In  this  form  of  interrupter  the  makes  and 


Pig.  »8.— Automatic  Circuit  Breaker,  with  adjustable  vibrator. 

breaks  of  the  primary  circuit  follow  one  another 
so  rapidly  as  to  produce  a  musical  note. 

Some  Ruhmkorff  induction  coils  have  been  made 
of  great  size.     One,  constructed  by  Apps,  for  Spot- 
tiswoode,  had  its   secondary  coil   formed  of  two  Runn 
hundred  and  eighty  miles  of  very  thin  wire.     ThisAppijw 
coil  gave  sparks  at  its  secondary  terminals  of  forty-  mode 
two  and  one-half  inches  in  length  through  air,  when 
its  primary  was  traversed  by  the  current  from  a 
battery  of  thirty  ordinary  Grove  voltaic  cells. 

Currents  are  induced  in  the  secondary  of  induc- 
tion coils  both  at  the  moment  of  making  and  break- 
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ing  the  circuit.     The  direct  current  induced  on  the 
opening  of  the  primary  circuit  is  of  shorter  duration 
berSwE0*8  and  of  higher  electro-motive  force  than  the  inverse 
udliie"    current  produced  at  the  moment  of  making  or  clos- 
jJISJoi    mS  ^e  circuit  of  the  primary.     If  the  secondary 
io?iii.ction    terminals  are  separated  by  an  air  space,  the  direct 
current  passes  in  excess  of  the  inverse  current,  es- 
pecially if  the  resistance  is  increased  by  a  greater 
length  of  air  space  between  the  electrodes. 

The  current  from  a  Ruhmkorff  induction  coil 
produces  a  variety  of  effects,  characteristic  of  high 
RuSSiSrf  potential  discharges.  The  physiological  effects  are 
c£a4!SL  very  marked.  Discharges  can  be  obtained  from 
large  coils  of  sufficient  strength  to  produce  death. 
In  smaller  quantities  such  discharges  are  employed 
in  electro-therapeutics,  and,  when  intelligently  ad- 
ministered, produce  valuable  results.  The  heat- 
ing effects  are  manifested  by  raising  to  incandes- 
cence thin  conductors  of  high  resistance,  placed 
between  the  electrodes. 

Very  beautiful  luminous  effects  are  produced  by 
the  discharge  of  powerful   induction   coils,   either 
Luminous  through  ordinary  air,  or  through  vacua.     In  mod- 
5uc2f Sy0'  erately  high  vacua,  vacuous  spaces,  such,  for  ex- 
?ouhdi£orff  ample,  as  in  the  egg-shaped  vessel  shown  in  Fig.  209, 
charges.     most  beautiful  luminous  effects  are  produced  by  the 
discharges  from  powerful  coils.     If  these  discharges 
are  permitted  to  pass  while  the  vessels  are  being 
exhausted  by  means  of  an  air  pump  or  mercury 
pump,  at  first,  when  the  vacuum  is  very  low,  the 
spark  passes  in  the  form  of  a  slender  discharge  be- 
tween the  electrodes;  when  the  vacuum  becomes 
higher,  a  mass  of  light  fills  the  vessel.    This  light  has 
the  color  of  a  reddish  purple.    At  certain  pressures, 
especially  if  the  vessels  have  been  exhausted  after 
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a  small  quantity  of  alcohol,  carbon  disulphide,  or 
other  substance  has  been  introduced,  the  luminous 
discharge    assumes    the    peculiar    stratified    condi-j^SS™ 
tion  shown  on  the  right-hand  side  of  fig.  2og,dim*"v*' 
and  before  alluded  to  in  connection  with  the  dis- 


charge of  Leyden-jar  batteries.  The  approach  of 
a  finger  of  the  hand  to  one  side  of  the  vessel  while 
the  luminous  discharge  is  taking  place,  causes  a 
remarkable  deviation,  as  shown  in  the  vessel  on  the 
left-hand  side  of  the  figure. 

When  the  terminals  of  a  large  induction  coil  are 
connected  with  the  opposite  coatings  of  a  Leyden 
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jar  by  conducting  wires  i  and  d,  Fig.  210,  a  constant 
discharge  by  the  wires  c  and  e  is  obtained,  the  dis- 
charge taking  place  between  m  and  n.  Such  dis- 
charges are  much  shorter  than  when  the  Leyden 
jar  is  not  employed,  but  they  are  exceedingly  bril- 
liant, and  are  attended  by  a  deafening  sound. 


The  expanding  and  contracting  lines  of  magnetic 
force  produced  around  the  axis  of  a  conductor,  when 
the  currents  passing  through  it  are  rapidly  under- 
going changes  in  strength,  may  be  caused  to  cut  or 
pass  through  parts  of  its  own  circuit,  and  thus  pro- 
■  duce  self-induction  therein.  When  the  circuit  takes 
the  shape  of  a  single  straight  conductor,  the  return 
of  which  is  also  formed  by  another  single  straight 
conductor  parallel  to  the  first,  the  effects  of  self- 
induction  are  almost  absent ;  but,  when  the  conduc- 
tor is  closely  coiled  on  itself  in  the  shape  of  a  coil  or 
helix,  then  the  effects  of  self-induction  may  become 
well  marked,  especially  if  the  coils  are  wound 
around  a  core  of  soft  iron  wires,  as  in  the  case  of 
an  ordinary  electro-magnet. 
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If  the  terminals  of  a  single  voltaic  cell  be  con- 
nected to  an  electro-magnet,  practically  no  spark 
will  be  seen  on  making  or  closing  the  circuit ;  but, 
on  breaking  the  circuit,  a  bright  spark  will  occur,  S^S?11 
and,  if  the  number  of  turns  of  wire  on  the  electro-  ^S?*1 
magnet  be  great,  and  a  fairly  powerful  current  be  ffKX 
flowing  through  its  magnetizing  coils,  the  E.M.F.  electrc- 
and   current   produced    by   self-induction   may   be,na*llet• 
sufficiently  great  to  give  a  severe  shock  to  a  person 
holding  the  terminals  of  the  electro-magnet  in  his 
hands. 

The  electric  currents  thus  produced  by  self- 
induction  are  called  extra  currents.  The  current 
produced  on  making  the  circuit  flows  in  the  op- 
posite direction  to  the  current  flowing  through  the  current* 
coils,  and  thus  delays  the  establishment  of  the  full 
current  strength  in  the  circuit.  That  produced 
on  breaking  the  circuit  flows  in  the  same  direction 
as  the  current  through  the  coil,  and  thus  tends  to 
prolong  the  passage  of  the  current,  or  to  oppose  its 
cessation.  This  latter  extra  current  appears  as  a 
bright  spark  of  far  greater  E.M.F.  than  that  of  the 
current  which  produces  it.     We  will  see  that  extra  B*tra 

,  direct  cur- 

currents  produced  by  self-induction  tend  to  greatly  r^^11 
retard  the  speed  of  signalling  in  electro-magnetic  circuit 
telegraphy,  from  the  fact  that  they  tend  to  oppose  powerful, 
either  a  rapid  increase  or  a  rapid  decrease  in  the 
strength  of  the  current  flowing  over  the  telegraph 
lines. 

The  increase  in  the  value  of  the  E.M.F.  of  the 
extra  current  produced  on  breaking  the  circuit  of  a  Spark  coa 
coil  of  many  turns,  wound  around  a  soft  iron  core, 
is  taken  advantage  of  in  apparatus  where  gas-jets 
are  ignited  by  means  of  electric  sparks  in  an  appa- 
ratus called  the  spark  coil.    The  spark  coil  consists 
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of  a  coil  of  insulated  wire  wrapped  around  a  core 
consisting  of  a  bundle  of  soft  iron  wires,  that  is 
introduced  in  the  hollow  core  represented  in 
Fig.  211. 


oils'/or 


3 


Fig.  hi.— Spark  Coil  employed  in  igniting  Gas-jels. 

Extended  researches  both  in  mutual  and  self- 
induction  were  carried  on  in  the  United  States  at 
a  comparatively  early  date  by  Prof.  Joseph  Henry, 
of  Princeton,  N.  ].  During  these  investigations, 
Henry  found  that  when  a  current  from  ten  voltaic 


Fir..  an  -Henry'.   Coils  for  dctnonstra 

ting  phenomena  of  Self-induction. 

Note  that  additional  spiral*  or  coils,  £  and  i 

-,  were  proTlned  to  show  the  (fleet 

the  length  of  the  coili  bad  on  the  E.M.F.  o 

I  the  sparks  produced. 

Discharges 


cells  was  passed  through  a  spiral  of  copper  wire, 
some  five  miles  in  length,  the  discharges  produced 
jfibS*1  were  to°  P°weriul  to  be  taken  with  safety ;  that  when 
taken  with  the  current  from  a  battery  consisting  of  six  very 
small  voltaic  cells  was  sent  through  this  spiral,  the 
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discharge  was  sufficient  to  give  a  shock  to  twenty- 
six  people,  placed  in  single  circuit  by  joining  hands. 
The  simple  but  exceedingly  efficient  method  em- 
ployed   by   Henry   for   obtaining   these  effects,   isS^y'*^ 
shown  in  connection  with  Fig.  212,  where  an  ordi- J^JJ^jJ* 
nary  file,  d,  has  one  end  inserted  in  one  of  the  poles  c?*uit? 
of  a  single  voltaic  cell,  and  one  terminal  of  a  long 
coil,  a,  composed  of  a  flat  copper  ribbon,  inserted  in 
the  other  pole  of  the  cell.     By  rapidly  moving  the 
other  end  of  the  coil  over  the  file  a  series  of  succes- 
sives  makes  and  breaks  were  produced,  the  discharges 
following  the  successive  breakings  manifesting  them- 
selves by  bright  sparks. 


8 

:or 


Fig.  213.— Henry's  Coils  for  producing  phenomena  of  Mutual  Induction. 

By  employing  a  series  of  coils  formed  of  copper 
ribbon  alternating  with  helices  of  insulated  wire  of 
fine  copper,  Henry  succeeded  in  demonstrating  that  Henry' 
a  secondary  current  induced  by  a  primary,  could  act  mutuS 
to  produce  other  induced  currents  of  the  second, 
third,  fourth,  and  so  on,  as  high  as  the  ninth  order ; 
thus,  the  flat  spiral  A,  Fig.  213,  receiving  a  rapidly 
broken  current  from  a  battery  produced  induction 
currents  in  B.  If,  now,  B  is  connected,  as  shown, 
with  the  second  flat  spiral  C,  it  may  be  made  to 
act  inductively,  and  thus  produce  tertiary  currents 
in  the  coil  D. 

The  discharge  from  a  Leyden  jar,  if  sent  through 
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a  copper  spiral,  will  induce  currents  in  a  second 
Mmeucer*  copper  spiral  placed  near  it.  Matteucci  demon- 
"Pfu'on  strated  this  fact  by  connecting  the  coatings  of  a 
£™clSJ-  Leyden  jar,  I,  Fig.  214,  with  the  terminals  of  a  cop- 
iisciuirjes.  P*T  wire,  A,  spirally  wound  on  the  surface  of  a  disk 

of  gutta-percha.     He  showed  that,  under  these  cir- 


cumstances, the  discharge  of  the  Leyden  jar  would 
produce  currents  by  induction.  On  the  discharge 
of  the  Leyden  jar  through  A,  a  shock  will  be  given 
to  a  person  grasping  the  handles  h,  h,  connected 
with  the  second  spiral  B.  The  intensity  of  this 
shock  varied  with  the  distance  between  the  spirals 
A  and  B. 
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Accumulator,   Electric  Charge,   79 

Accumulator  or  Storage  Cell,  Lead- 
Plate,    401 
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Action,     Local,    362 

Action  of  Magnetism  on  All  Bodies, 
310,  319 

Active  Coil,   De  la  Rive's  Floating,  476 

Active  Coil,  Induction  of  Currents  by 
Movements  of,  539 

Active  Coils,  Magnetization  of  Steel 
Needles  by,   486 

Adjustable  Vibrator  for  Automatic  Cir- 
cuit  Breaker   of   Induction   Coil,    547 

AJpinus,   79 

iEpinus,  Condenser  of,  79,  80 

jGpinus    on    Pyro- Electricity,    408 

^Epinus'  Single-Fluid  Theory  of  Magnet- 
ism,  254 

Aero-Ferric  Magnetic  Circuit,  497 

Agonal    Line,    275 

Aitken  and  Lodge  on  Cloud  Nuclei,  155 
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Alarm  Apparatus,  Electric,  and  Indica- 
tors in   Modern  Warships,    13 

Alarm,    Selenium   Burglar,   444 

Alchemy  not  Improbable,   222 

Aldini's  Experiments  with  Frogs'  Legs 
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Alexander  Volta  and  Galvani's  Experi- 
ments, 343 

Aligned   Magnetic  Flux,    500 

Alignment  of  Particles  of  Iron  by  Mag- 
netization. Demonstration  of  the  Ex- 
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Allamand  and  the  Leyden  Jar,   73 

Alloy  of  Iron  and  Nickel,  Curious  Ef- 
fect of  Temperature  on,  253 

Alternating-Current  Transformer,   First, 
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Lightning   Discharges,    177 
Amalgamation  of  Zinc  of  Voltaic  Cell, 

355 
Amalgamation    of    Zinc     Plate,     362 
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Ammonium    Chloride,    Use    of,    as    an 

Electrolyte,   367 
Analogies  between  Flow  of  Water  and 

Electricity,  385 


Anaxagoras  on  the  Continuity  of  Mat- 
ter.   220 

Ampere,  Definition  of,  50 

Ampere  or  Practical  Unit  of  Electric 
Current,   50 

Ampere  Regarded  as  Rate  of  Flow  of 
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Ampere- Turn  as  a  Unit  of  Magneto-Mo- 
tive Force,  499 

Ampere-Turn,    Definition   of,   499 

Ampere's  Conventionalized  Representa- 
tion of  Effect  of  Separate  Currents 
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Ampere's  Discoveries  in  Electro-Dy- 
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Ampere's   Discoveries,   Silliman   on,   482 

Ampere's  Experimental  Investigation  of 
Oersted's  Discovery,   473 

Ampere's  Experiments  with  Movable 
Electric    Circuits,    474 

Ampere's  Laws  of  Electro-Dynamics,  475 

Ampere's    Movable    Active    Conductors, 

474 
Ampere's  Practical  Solenoid,  480 
Ampere's  Rule  for  Determining  the  Di- 
rection of  the  Deflection  of  the  Mag- 
netic Needle  by  an  Active  Conductor, 

465 
Ampere's    Solenoidal    Coil,    479 
Ampere's  Theory  of  Magnetism,  256,476 
Ampere's  Theory  of  Magnetism,   Lodge 

on,    479 
Analogous  Pole,  196 
Angle  of  Dip.  270 
Angle  of  Inclination.  279 
Animal  and  Plant   Electricity,   199 
Animal    Electricity,    Aldini    on,    455 
Animal     Electricity,    De    Bois-Reymond 

on»  455 

Animal  Electricity,  De  la  Rive  on  Cause 
of,  456 

Animal    Electricity,    Galvani    on,    455 

Animal  Electricity,  Matteucci  on,  455 

Annealing  or  Hardening  of  Steel,  Cause 
of  Influence  on  Magnetic  Retentiv- 
ity,  257 

Anomalous  Magnetization  Obtained  by 
Active  Coils  or  Helices,  486 

Anomalous  Magnetization,  So-called,  485 

Anomalous  Magnets.   249 

Annual    Magnetic    Variations,    273 

Anti-Cathode,  217 

Antilogous    Pole,    196 

Apparatus  for  Experimental  Demonstra- 
tion of  Rotation  of  Plane  of  Polariza- 
tion of  Light  by  Magnetism^  322 

Apparatus  for  Mutual  Induction,  542 
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Apparent  Death  by  Lightning  Stroke, 
Directions  for  Resuscitation  in  Cases 
of,    187 

Arabian  Nights  on  Mountain  of  Lode- 
stone,  239,  240 

Arago  ana  the  Ability  of  an  Active  Con- 
ducting Wire  to  Attract  Iron  Filings, 

484 

Arago's  Experiment  on  Vibrating  Mag- 
netic Needles,  Sources  of  Error  in,  313 

Arago  on  Magnetization  of  Steel  Needles 
by  Active  Coils,   486 

Arago  on  the  Story  of  the  Broth  of 
Frogs'  Legs,  337 

Arch  or  Corona^  Auroral,  105,  107 

Aristotle  on  Directive  Power  of  Lode- 
stone,   229 

Armatures,    Non- Polarized,    512 

Armatures,    Polarized,   5x2 

Armstrong,    62 

Armstrong's  Hydro- Electric  Machine, 
62 

Artificial  and  Natural  Pyro-Electric 
Crystals,  Brewster's  List  of,  409 

Artificial   Magnets,   244 

Artisan  or  Laborer,  Electricity  in  the 
Life  of,  9 

Astatic  Galvanometer  Needle,   470 

Astatic   Magnetic   Needle,   470 

Astatic  Needle,  Use  of,  in  Galvanom- 
eters,  470 

Atmosphere  and  the  Weather,   159 

Atmospheric  Electric  Discharges,  Mag- 
nificent, Described  by  Cross,   143,   145 

Atmospheric  Electricity  Generally  Posi- 
tive,   143 

Atmospheric  Electricity,  Lodge  on  the 
Probable  Cause  of,   147 

Atmospheric  Electricity,  Peltier's  Theory 
of,   148 

Atmospheric  Electricity,Pouillet's  Theory 
of,   146 

Atmospheric  Electricity  Present  both  in 
Clear  and  in  Cloudy  Weather,  142 

Atmospheric  Electricity,  Probable  Causes 
of,   146 

Atmospheric  Electricity  Probably  Caused 
in  Part  by  Evaporation  of  Ocean 
Water,    146 

Atmospheric  Electricity,  S.  P.  Thomp- 
son  on    Probable   Causes   of,    146 

Atmospheric  Electricity,  United  States 
Weather    Bureau's    Observations    on, 

153 

Atmospheric  Magnetism,  Faraday's  Paper 
on,  3x8 

Atmospheric  Oxygen,  Paramagnetic  Char- 
acter of,  315 

Atomic  Chips  Produced  by  X-Rays,  222 

Atomic  Theory.  Dal  ton's,  219 

Atomicity  or  Valency,  220 

Atoms,    Divisibility  of,   220 

Atoms,  Plucker  on  Relation  between 
Ultimate  Shape  of,  and  Their  Mag- 
netic Phenomena,  319 

Attraction  and  Repulsion,  31 

Attraction  and  Repulsion,  Electro- Static 
Cause  of,  52 

Attraction  and  Repulsion,  Magnetic, 
Laws  of,    247 

Attraction  of  Iron  Filings  by  Active 
Conductor,  464 

Aurora  Austral  is,    104 


Aurora  Borealis,  104,  112 
Aurora  Borealis,  Cause  of.  11 1 
Aurora    Borealis,    Humboldt's    Descrip- 
tion of,    108-109 
Aurora,     Geographical    Distribution    of, 

109 
Aurora  Glory,    no 
Aurora  Glory,   Cause  of,   114 
Aurora  Glory,   Common  Arc  of,   11 1 
Aurora,  Disturbance  of  Telegraph  Lines 

by,   X12 
Aurora,    Height   of,    109 
Auroral  Arch  or  Corona,  105,   107 
Auroral  Corona  and  Streamers,  General 

Appearance  of,  107 
Auroral  Curtain,  106 
Auroral   Discharges,   Cause  of  Frequent 

Occurrence  in  High  Latitudes,  113 
Auroral    Light,    Spectroscopic   Examina- 
tion of,  115 
Auroral    Phenomena    and    Electric  Cur- 
rents. Kelvin  on,  202 
Auroral  Phenomena,  De'la  Rive  on  In- 
fluence of  Earth's  Magnetism  on,  114 
Auroral     Phenomena,     Sun    Spots    and 
Magnetic    Storms,    Relations   between, 

H5 
Auroral    Streamers,    106 

Austin  on  Diffusion  of  Gold  into  Lead 

at  Ordinary  Temperatures,  221 
Automatic   Circuit-Breaker   of  Induction 

Coil,  Action  of,  547 
Automatic      Circuit  -  Breaker,      Mercury 

Globule,    449 
Automatic  Day  and  Night  Switch,  445 
Automatic   Diaphragm,    444 
Automatic   Photo-Electric   Regulator   for 

Electric  Light,  443 
Automobiles,    Electric,    6 
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Baby   Dynamo,   Faraday's,   521 
Bacon,  28 

Balance,   Coulomb's  Torsion,  46 
Ball  or  Globular  Lightning,  163 
Balsamo's  Magneto-Chemical  Cell,  452 
Banks's  Announcement  of  Invention  of 
the  Voltaic  Pile  to  the  Royal  Academy, 

Bar  Magnet,  244,  247 

Bar  Magnet,  Distribution  oi  Magnet 

in,  247 

Bar  Magnet,  Equator  of,  248 
Barium-Platino-Cyanide,     Effect    of     X- 

Rays  on,   209 
Barium-Platino-Cyanide,  Fluorescence  of, 

200 
Barium-Platino-Cyanide,      Use      of,      in 

Fluorescent  Screen,  2x2 

Barium-Platino-Cyanide,  Use  of,  in 
Flnoroscope,  212 

Barlow  on  the  Reliability  of  the  Com- 
pass Needle,   300 

Barlow,  Prize  Awarded  to,  for  Inven- 
tion of  Quadrantal  Compensators,  305 

Barlow's  Quadrantal  Compensating 
Globes  of  Soft  Iron,  305 

Barlow's  Soft  Iron  Globe,  Parry  on,  295 

Barlow's  Theory  of  the  Earth's  Mag- 
netism, 284 

Battery,  Faradic,  or  Induction  Coil,  7 

Battery,  Leyden-Jar,  76,  77 

Battery  or  Thermo-rile,  Clamond's,  420 
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Battery  or  Thermo-Pile,  Dove's,  419 
Battery   or  Thermo-Pile.    Gulcher  s,    422 


Battery,   Voltaic,  Multiple-Connected,  393 
Battery,   Voltaic,  Series-Connected,  380 
Battery,     Voltaic,     Series-Multiple    Con- 


nected,  395 

Battery,  Watkins'  Thermo-Electric,  420 

Battery,    Wollaston's    Trough,    392 

Batteries,    Magnetic,    244 

Batteries,    Photo- Electric,   441 

Batteries,    Voltaic,    383 

Batteries,  Voltaic,  vs.  Dynamo- Electric 
Machines,   382 

Batteries,    Thermo-Electric,    412 

Bead   Lightning,    166 

Beaumont  on  Oersted's  Great  Discovery 
of  the  Production  of  Magnetism  by 
Electricity,   460 

Becquerel,  223 

Becquerel  and  the  Chemical  Theory  of 
the  Origin  of  Electricity  in  the  Vol- 
taic Pile,  351 

Becquerel  on  Pyro- Electricity,  408 

Becquerel  on  the  Action  ox  Magnetism 
on  Bismuth,   311 

Becquerel  Rays,  22% 

Becquerel  Rays  and  X-Rays,  Some  Re- 
semblances  between,   294 

Becquerel   Rays,   Secondary,  224 

Becquerel's  Carbon  Consuming  Cell,  432 

Becquerel's  Light  Cell,  436 

Bells,   Electric.  Chime  ox,  53 

Bergman  on  Pyro-Electricity,  408 

Bertholon  on  the  Influence  of  Electric- 
ity on  Vegetable  Life,  129 

Bevis,    73 

Bible  References  to  Thunder  and 
Lightning,  26.  27 

Bichromate  Voltaic  Cell,   365 

Bichromate  Voltaic  Cell,  Electrolyte 
for,    166 

Bidwell  s  Investigations  of  Selenium 
Cells.  440 

Binnacle  Box,  299 

Binnacle,  Compensating,  Kelvin's,  with 
Barlow's    Quadrantal    Correctors,    309 

Binnacle,  Kiggs'  Compensating,  with 
Barlow's    Quadrantal    Correctors,    308 

Biot.    270 

Biot  s  Dipping  Circle  or  Needle,  279 

Biot's  Sphere,   55 

Biot's  Theory  of  the  Earth's  Mag- 
netism,  283 

Bisected   Magnet,   248 

Bisected  Magnet,  Explanation  of  Phe- 
nomena oC  by  Coulomb's  Theory  of 
Magnetism,  255 

Bismuth,  Becquerel  on  the  Action  of 
Magnetism   on,    3x1 

Bismuth,  Brugmans  on  the  Action  of 
Magnetism   on,    311 

Black  Oxide  of  Manganese,  Use  of,  as 
Solid   Depolarizer,    376 

Blue  and  Red  Magnetic  Poles,  271 

Blumenberg's  Heat  Cell,  435 

Bodies,   Electrified,   30 

Bodies,  Electrified,  Some  Effects  Pro- 
duced by,   31 

Bodies,  Excited.  Definition  of,  30 

Bolometer,  Feeble  Thermal  Action  of 
Violet  Rays  of  Light  on,   419 

Bolometer,  Langley's,  417    .  . 

Bolometer,  Langley's,  Sensitiveness  of, 
4x8 


Bombardment,  Molecular,  Luminous  Ef- 
fects produced  by.   205 

Bond's  Theory  of  Earth's  Magnetism, 
282 

Bouchardat  and  the  Contact  Theory  of 
the  Origin  of  Electricity,  351 

Bound  Electricity,  64,  65 

Box,    Binnacle,    209 

Box,  Compass,  298 

Box   or  Hargrave   Kite,    153 

Boxing  the  Compass,  297 

Boyle,  28 

Boyle  on  Magnetic  Effluvia,  258 

Boys'    Radio-Micrometer,    417 

Boze.   58 

Boze  s   Electric   Machine,    58 

Branching  or  Zigzag  Discharges,  86,  87 

Brass,  Cavallo  on  the  Action  of  Mag- 
netism on,  311 

Brewster   on   Pyro-Electricity,    408 

Broken  Voltaic  Circuit,  362 

Brugmans  on  the  Action  of  Magnetism 
on   Bismuth,   311 

Brush  Discharges  from  Van  Marum's 
Electric    Machine,    90 

Brush  Discharges,  88,  90 

Brush  Discharges,  General  Appearance 
of,  90 

Brush  Discharges,  Intermittent  Charac- 
ter of,  89 

Brush  Discharges,  not  continuous, 
Wheatstone  on,  89 

Brush  Electric  Discharge,  Effect  of,  on 
Clouds,  Smoke,  and  Dust,   157 

Brushes,  Appropriating,  of  Electro- 
Static  Induction  Machine,  66,  67 

Brushes,  Neutralizing,  of  Electro-Static 
Induction  Machine,  66,  67 

Buildings  not  Always  Protected  by 
Lightning  Rods,   175 

Bunsen  Voltaic  Cell,  368 

Burglar  Alarm,    Selenium,   444 

Burns,   Radium   Ray,   224 

Burns,   X-Ray,   224 


Calamine,  Electric,   196 

Calcium   and    Barium    Sulphides,    Phos- 

Shorescent  Properties  of,  98 
cium  Tungstate,  Use  of,  in   Fluores- 
cent Screen,   212 

Calcium  Tungstate,   Use  of,  in  Fluoro- 
scope,   212 

Callan    Iron    Cell,    396 

Callan  Voltaic  Battery,  396 

Candle    Flame,    Diamagnetic    Character 
of,   316 

Canton,   73 

Canton.   Discovery  of  Electro-Static  In- 
duction by,  51 

Canton  on   Pyro-Electricity,  408 

Canton's  Chime  of  Electric  Bells,  54 

Capacity,  Dielectric,  81 

Capacity,    Dielectric    or    Specific   Induc- 
tive, 81 

Capacity  of  Electric  Conductor.  77 

Capillary  Electrometer,   Dewars,  450 

Capillary  Electrometer,  Great  Sensibility 

of.    450 
Capillary  Electrometer,  Lippmann's,  451 
Carbon-Consuming  Cell.  Becquerel's,  432 
Carbon-Consuming  Cell,    Edison's,   432 
Carbon-Consuming  Cell,  Jablochkoff,  432 
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Circumstances      Affecting      Liability     to 
Death      or     Injury      from      Lightning 

Affecting  the  Electric  Re- 
Maetm  387 

Affecting  Vahie  of  Water 

Flow  and  Electric  Flow,  386 
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"Dancers,  Merry,"  of  Shetland  Island*, 

xo6 
Daniell's  Description  of  his  Voltaic  Cell, 

Darnell's  Voltaic  Cell,  369 

Daniell's  Voltaic  Cell,  Cause  of  Unvary- 
ing Constant  Strength  of,  371 

Darnell's  Voltaic  Cell,  Effect  of  Inven- 
tion of,  on  Electric  Science,  371 

Daniell's  Voltaic  Cell,  Valley's  Modifi- 
cation of.  374 

Dark  Lund  Thunder  Clouds,  Robert 
von  Helmholtz  on,  154 

Davy  and  the  Contact  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,  351 

Davy  on  the  Attraction  of  Iron  Filings 
by  an  Active  Wire  or  Conductor,  464 

Davy's  Announcement  of  Oersted's  Dis- 
covery. 46at 

Day  ana  Night  Switch,  Automatic,  445 

Death  by  Lightning  Flash  Instantaneous, 
186 

Death  by  Lightning  Strokes  Often  Only 
Apparent,   187 

Death  Caused  by  Electric  Discharges, 
129 

Declination  Chart  Showing  Isogonal  and 
Agonal  Lines,  276 

Decfinationt  Secular  Variation  of,  277 

Decomposition,  Rapid,  of  Bodies  of  Per- 
sons Killed  by  Lightning,  287 

Definition  of  Ampere,  50 

Definition  of  Ampere-Turn,  499 

Definition  of  Electric  Density,  49 

Definition  of  Electrification.  30 

Definition  of  Electrolyte,  300 

Definition  of  Excited  Bodies,  30 

Definition  of  Gilbert,  498 

Definition  of  Impedance,  180 
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Electricity  and  Mssnetism,  Early  Belief 
in  a  Connection  between,  51G 
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Electricity  in  Machine  Shop*, 
Electricity  in  Mining,   11 
Electricity  in  Modern  War  5] 
Electricity  in  the  Theatre  or 
Electricity,  Influence  of,  on 

Electricity,  Modern  Genii  of.  as 
Electricity,  Plant  and  Animal,  190. 
Electricity,  Positive.  38 
Electricity    Produced  from  Magnet*,  5,18 
rvi  „  .    ,  [e-nuid 
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Single 
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Electricity,  Single-Fluid  Theory  of,  40 

Electricity.  Static.  38 

Electricity,  Thermo,  403,  «B 

Electricity,  Thermo,    Seebecs:'*    Discov- 
ery of.  407 

Electricity,  Vitreous,  «8 

Electricity,  Volta's    Contact   Theory  of. 

Electrification,   Bodies  Capable  of,  33 

Electrification,  Definition  at  30 
Electrification  of  Metallic  Bodies,  33 
Electiificsticn   of   Metallic   Plate  by  Ac- 
tion of  Light,  Hallwacbs  on,  33a 
Electrification,    Production    of,   by    Con- 


-,  Whs 


It  Signified,  14 

tiectntien  Hoaies,  30 

Electrified  Bodies,  Some  Effects  Pro- 
duced by.  31 

Klectvified  Boy,  3* 

Electrified  Rod,  Borne  Effects  Produced 
by,  JJ 

Electrified  Water  Jets,  Rayleigh  on  Pbe- 
nomena  of,  158 

Electro-Chemical  Avoidance  of  Polariza- 
tion of  Voltaic  Cell,  364 

Electro  Culture,  119 

Electro-Dynamic  Induction,  E-M.F.'s 
Produced  by,  518 


Electro-Dynamic  Induction,  Varieties  of, 

Electro-Dynamics,  475 

Electro- Dynamics.  Laws  of,  47s 

Electro- Magnet,  Gun,  506 

Electro  -  Magnet,       Henry's       Horseshoe 

Electro- Magnet,  Henry's  Portable,  49c 
Electro  -  Magnet       Henry's,       Use      of 
Scbweigger'i  Multiplying  Principle  in. 

Elect  ro-Magnet,  Ironclad,  504 

Electro- Magnet,    Silvanoa  T>.    Thompson 

Electromagnet,   Straight  Core,  so: 
Electro- Magnet,  Sturgeon's,  491 
Electro-Magnets,    Henry's   Improvement* 

Electro-  Magnets,  Importance  of,  in  Elec- 

Electro-Magneta,  Portative^s'os 

Electro- Magnets,  Tractive,   505 

Electro-Magnetic  Theory  of  Light,  3J4 

Electro-Magnetic  Theory  of  Light.  Cor- 

Electr^Magnetic"  Theory  of  Light,  Lodge 
Electro- Magnetic     Waves,     Use    of,     in 
Elec,r^o!MotiveleIorcty■  ?** 
Electro-Motive   Force'  and  Water-Motive 

Force,  38s 
Electro-Motive  Force,  PracticalUnit  of,4I 
Electro- Motive  Force*,  191 
Elect  1 0- Optics,  3a 7 

Electro-Static  Attraction  and   Repulsion, 
Elect*"  " 


i-Stati 


of    Unelectri- 


Electro- Static   Field*.   Effect   of.   on  Po- 
larised Light    3:14 
Electro-Static  Induction,   49 

Electro- Static  Induction  Machine,  Ap- 
propriating Brushes  of,  66.  67 

Electrostatic  Induction  Machine,  Car- 
rier* of,  66,  67 

Electro-Static  Induction  Machine,  Gen- 
eralised Type  of,  66,  68 

Electro-Static  Induction  Machine,  Neu- 
tralizing Brushes  of,  66,  67 

Electro- Static  Induction  Machine,  Top- 
plcr-Holtz,  68 

Ekctro-Statie  Induction  Machine,  Wims- 


Law  of  Inverse  Squares, 
Electro-Therapeutic    Effects    of    Electric 

Electrocution  of  Turkey,  397 

Electrodes  of  Voltaic  Cell,  36a 

Electrolyte.   Definition    of.    3S0 

Electrolyte  for  Bichromate  Voltaic  Cell, 
366 

Electrolyte,  Liquid,  Presence  of,  in  So- 
called  Dry  Pile,  400 
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Electrometer,  Capillary,  Great  Sensibil- 
ity of,  450 

Electrometer,  Dewar's  Capillary,  450 

Electrometer,  Lippmann's  Capillary,  451 

Electrometer,  Peltier's,   151 

Electromoter,  Quadrant,  48 

Electrometer,  Reading  Telescope  for,  48 

Electrometer,  Sauasure's,  150,  251 

Electron,  2 

Electrons,  207 

Electrons,  Action  of,  in  Producing  Pho- 
tographic Images,  225 

Electrons,  Crookes  on,  225 

Electrons,  Possible  Pretence  of,  in 
Thunder  Clouds,  155 

Electrons,  Speed  of,  207 

Electronic  Matter.  Similarity  of,  to  Or- 
dinary Gross  Matter,  225 

Electronic  or  Corpuscular  Matter,  165 

Electrophorus,  64 

Electroscope,  Gold-Leaf,  45 

Electroscope,  Needle-shaped  or  Veraori- 
um,  Gilbert's  44 

Electroscope,  Pith- Ball,  43 

Electroscope,    Volta's    Condensing,    344, 

345.    346 
Electroscopes  of  Frogs'   Legs,  Galvani's 

Method  of  Preparing,  335 
Elements,  Magnetic,  01  a_  Place,  273 


Elements  of  Callan  Voltaic  Battery,  396 
Elements  of   Clamond's  Thermo-Pile  or 

Battery,  420 
Elements  ot   Daniell's  Voltaic  Cell,   370 
Elements  of  Dove's  Thermo-Pile  or  Bat- 
tery, 419 
Elements  of  Edison- Lelande  Voltaic  Cell, 

378 
Elements  of  Fleming's  Standard  Voltaic 

Cell,  380 
Elements  of  Grove  Voltaic  Cell,  360 
Elements  of  Leclanche  Voltaic  Cell,  376 
Elements  of  Rayleigh's  Standard  Voltaic 

Cell.  379 
Elements  of  Smee  Voltaic  Cell,   367 
Elements,  Positive  and  Negative,  of  Vol- 
taic Cell,  360 
Elements,     Variation    of    Earth's    Mag- 


Elements,  Voltaic,  359 
Elements,  Voltaic,  Solid,  Liquid,  or  Gas- 
eous, 359 


netic,  273 
1,  V< 

,35 
EHhtt   Thomson   on   Jacques   Heat  Cell, 

435 
Encyclopedic      Electric      Dictionary      in 

Every-day  Professional  Life,  5 
Energy,  Degradation  of,  404 
Energy,  Dissipation  of,  404 
Energy,   Helraholtz  on  the  Doctrine  of 

the  Conservation  of,  403 
Energy,  Indestructibility  of,  405 
Energy,  Non-Annihilation  of,  403 
Energy,  Transformation  of,  403 
Equator,  Magnetic,  of  Earth,  281 
Equator  of  Bar  Magnet,  248 
Error,     Heeling,     of     Ships*     Compass 

Needle,  308 
Error,    Quadrantal,    of    Ships*   Compass 

Needle,  307 
Error,   Semicircular,   of  Ships'  Compass 

Needle,  307 
Essential  Requisites  of  Vohafc  Cell,  365 


Ether,  Ignition  of,  by  Electric  Spark, 
119 

Ether,  Lumhriferous,  320 

Ether  Pressure  Theory  of  Electricity,  41 

Etruscans,  Classification  of  Lightning 
Strokes  by,  26 

Euler*s  Geometrical  Basis  of  the  Varia- 
tions of  the  Earth's  Magnetism,  283 

Euripides  on  Directive  Power  01  Lode- 
stone,  229 

Evaporation  of  Ocean  Water  a  Probable 
Cause  of  Atmospheric  Electricity,  146 

Every-day  Professional  Life,  Encyclo- 
pedic Electric  Dictionary  in,   5 

Ewing's  Theory  of  Magnetism,  256 

Excited  Bodies,  Definition  of,  30 

Expanding  and  Contracting  Magnetic 
Flux.  Production  of  E.M.F.'s  by,  S4> 

Expenditure  of  Energy  Requisite  to 
Maintain  Current  in  Voltaic  Cell,  355 

Experiments  on  Para-  and  Dia-Magnetic 
Liquids,  316 

Experimental  Researches  in  Electricity, 
Faraday's,  527 

Exploring  Conductor  of  Greenwich  Royal 
Meteorological  Observatory,  152 

Exploring  Conductors  or  Wires  of  Cross, 

143 
Explosive     Effects     of    Lightning 

charges,   184 
Extra  Currents^  551 
Extra  Direct  Current,  551 
Eye,  Selenium,  444 


Fabroni  and  the  Chemical  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,  351 

Fabronrs  Objections  to  Contact  Theory 
of  Voltaic  Cell,  352 

Failure  of  Faraday's  Early  Experiments 
on  the  Production  of  Electricity  from 
Magnetism,  516 

Famianus  Strada  on  a  Suggested  Tele- 
graph, 236 

Farad  or  Practical  Unit  of  Electric  Ca- 
pacity, 79 

Faraday  an  Advocate  of  the  Chemical 
Theory  of  the  Voltaic  Pile.  351 

Faraday  and  Disruptive  Discharges,  87 

Faraday  on  Diamagnetic  Polarity,  3x4 

Faraday  on  Discharges  from  Electric 
Eels,  198 

Faraday  on  Effect  of  the  Paramagnetic 
Character  of  Oxygen  on  Variations  of 
the  Compass  Needle,  3x7 

Faraday  on  Improbability  of  Action  at  a 
Distance,  260 

Faraday  on  lines  of  Magnetic  Force, 
260 

Faraday  on  Magne-Crystallic  Force,  319 

Faraday  on   Para-   and   Dia-Magnetism, 

Faraday,  Rejection  of  MorichinFs  Ex- 
periments by,  330 

Faraday,  Tyndatl  on,  515 

Faraday  vs.  Harris  on  Relative  Merita 
of  Solid  and  Stranded  Lightning 
Rods,  170 

Faraday's  Apparatus  for  Obtaining  Elec- 
tric  Spark   from   Permanent   Magnet, 


Faraday's 
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Chemical  Decomposition  by  Disruptive 
Discharges,  126 

Faraday's  Baby  Dynamo,  521 

Faraday's  Disk  Dynamo,  521 

Faraday's  Disk  Dynamo,  Imperfect  Ac- 
tion of  Brushes  on,  522 

Faraday's  Experimental  Researches  in 
Electricity,  527 

Faraday's  Great  Discovery,  Concise 
Statement  of  Nature  of,  527 

Faraday's  Great  Discovery  of  the  Pro- 
duction of  Electricity  from  Mag- 
netism, 515 

Faraday's  Objections  to  Contact  Theory 
of  Voltaic  rile,  353 

Faraday's  Paper  on  Atmospheric  Mag- 
netism, 318 

Faraday  8  Recognition  by  his  Contempo- 
raries, 520 

Faraday's  Theory  of  Earth's  Magnetism, 
291 

Faradic  Battery  or  Induction  Coil,  7 

Farm  Hands  and  Electricity,  13,  14 

Fechner  and  the  Contact  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,  351 

Ferric  Magnetic  Circuit,  497 

Ferro- Magnetic  Substances,  313 

Figures,  Magnetic,  262 

Fire,  St.  Elmo's,  102,   106 

First  Alternating-Current  Transformer, 
523 

Fish,  Electric,  or  Siturus  Electricus,  198 

Flame,  Candle,  Diamagnetic  Character 
oft  316 

Flavio  Gioi,  Alleged  Invention  of  Mari- 
ner's Compass  by,  232 

Fleming's  Hand  Rule,  532 

Fleming's   Hand   Rule,    Modification  of, 

533 

Fleming's  Standard  Voltaic  Cell,  380 

Fleming's  Standard  Voltaic  Cell,  Direc- 
tions for  Employment  of,  381 

Fleming's  Standard  Voltaic  Cell,  Tem- 
perature Correction  for,  381 

Floating  Active  Coil,  De  la  Rive's,  476 

Flow  of  Water  and  Electricity,  Analo- 
gies between,  385 

Fluorescent  Screen,  212 

Fluorescent  Substances,  Employment  of, 
in  Geissler  Tubes,  97,  98 

Fluoroscopy,  Edison's,  212 

Fluoroscopic  Examination  of  the  Human 
Chest,  213 

Flux,  Aligned  Magnetic,  500 

Flux  Density  ana  Magnetic  Intensity, 
Relation  between,  27$ 

Flux,  Leakage  Magnetic,  512 

Flux,   Magnetic,   254,  269 

Flux,  Magnetic,  Action  of,  on  Para- 
magnetic Substances,  312 

Flux,  Molecular  Magnetic,  500 

Flux,  Prime  Magnetic,  500 

Flux,  Useless  Magnetic,  512 

Forbes,  39 

Force,  Magne-Crystallic,  319 

Force,  Magnetic,  Assumed  Direction  of 
Lines  of,  260 

Force,  Magneto-Motive,  267 

Forces,  Thermo  Electro-Motive,  410 

Forecasts  of  Thundestorms,  Elements  of 
Uncertainty  in,   171 

Forked  or  Zigzag  Lightning,  161 

Fragments!  Atomic  Matter,  165 


Fragmental  Atomic  Matter  and  Light- 
ning Strokes,  185 

Franklin,  58 

Franklin  and  the  Electric  Kite,  130,  139 

Franklin,  How  he  Came  to  Try  bis  Fa- 
mous Kite  Experiment,  134,  135 

Franklin  on  Resemblances  between  Elec- 
tricity and  Lightning  and  Thunder, 
U5 

Franklin  on  Thunder  Gusts,  134 

Franklin's  Description  of  his  Kite,   137, 

138 

Franklin's  Directions  for  Construction 
of  Lightning  Rod,  175 

Franklin's  Invention  of  the  Lightning 
Rod,  175 

Franklin's  Kite,  135,  136 

Franklin's  Kite,  Contemporary  Account 
of,  136,  137 

Franklin's  Plans  for  Drawing  Electricity 
from  the  Clouds,   135 

Franklin's  Single-Fluid  Electric  Hypothe- 
sis, Kelvin's  Modification  of,  224 

Franklin's  Single-Fluid  Theory  of  Elec- 
tricity, 40 

Free  Atmospheric  Electricity,  Diurnal 
Changes  in  Quantity  of,  156,  157 

Free  Electricity,  64,  65 

Free  Electricity  of  the  Air,  Volte  on  the 
Causes  of,  146 

Freedom  of  Molecular  Motion.  Influence 
of  Density  of  Residual  Atmosphere 
on,  201 

Friction,  E.M.F.'s  Produced  by,  42 

Fritts'  Selenium  Cells,  438 

Fritts'  Selenium  Cells,  Comparison  of 
Werner's  Cells  with,  430 

Fritts'  Selenium  Cells,  Electric  Resist- 
ance of.  440 

Frog,  Galvanoscopic,  339 

Frogs'  Legs  as  Delicate  Electroscopes, 
Galvani's  Asserted  Knowledge  Con- 
cerning the  Use  of,  338 

Frogs'  Legs  Electroscope,  Cavallo  on 
Sensitiveness  of.  345 

Frogs'  Legs  Electroscope,  Galvani's 
Method   of   Preparing,   338 

Frogs'  Legs  Electroscopes,  Cavallo's  Di- 
rections for  Preparing,  339 

Frogs'  Legs  Galvanoscopes,  Aldini's  Ex- 
periments with,  340 

Frogs'  Legs,  Swammerdam's  Early  Ex- 
periment on,  342 

Fulgerites  or  Lightning  Tubes.  187 

Fundamental  Scientific  Beliefs,  Rucker 
on,  221 


Galvani,  335 

Galvani  and  the  Frogs'       

Galvani  and  the  Vital  Force,  330 


Galvani  and  the  Frogs'  Legs,  335 


Galvani  on  Animal  Electricity,  455 
Galvani's    Asserted    Knowledge    of    the 

Use  of  Frogs'  Legs,  338 
Galvani's  Experiments  Repeated  by  Volta, 

343  »    - 

Galvani's    Great    Opportunity    and    his 

Failure  to  Sei2e  It,  335 

Galvani's  Method  of  Preparing  Electro- 
scopes of  Frogs'  Legs,  338 

Galvani's  Original  Discovery,  Uncer- 
tainty of,  334 

Galvanism  vs.  Voltaism,  352 

Galvanometer,  Melloni's  Thermo,  414 
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Galvanometer,  Mirror,  471 
Galvanometer  Needle,  Astatic,  470 
Galvanometers,      High  -  Resistance,      for 

Small  Currents,  408 
Galvanometers,       Low  •  Resistance,       for 

Large  Currents.  468 
Galvanometers,    Use   of   Astatic    Needle 

in,  470 
Galvanoscopic  Experiment  with  Common 

Garden  Snail,  341 
Galvanoscopic  Frog,  339 
Garden  Snail,  Galvanoscopic  Experiment 

with,  341 
Gaseous  Combination  Caused  by  Electric 

Discharges,  127 
Gaseous  Media,   Effect  of,   on  Color  of 

Disruptive  Discharges,   88 
Gases  and  Liquids,  Paramagnetic,  315 
Gases,  Ionization  of,  222 
Gassendi  on   Magnetization  of   Iron  by 

Combined  Effect  of  Earth's  Magnetism 

and  Lightning  Stroke,  236 
Gassiot.  97 
Gassiors    Experiments    with    Zamboni's 

Dry  Pile,  J99 
Gaubil    on    Early    Knowledge    of    Mag* 

netism  by  the  Chinese,  330 
Gauss,  Use  of  Needle  of  Oscillation  by, 

274 
Gauss'   Theory  of  the   Earth's  Magnet- 
ism, 285 
Geissler,  97 
Geissler  Tubes,  97 

Generalized   Type   of   Electro-Static   In- 
duction Machine,  66.  68 
Generating     Plant     01     Modern     Office 

Building,  11 
Generator,   Edison's  Pyro- Magnetic,  454 
Genii,  Modern,  of  Electricity,  25 
Genii  of  Electricity,  22 
Geographical  Distribution  of  Aurora,  109 
Gilbert,  27 

Gilbert  and  his  "De  Magnete,"  270 
Gilbert,  Definition  of.  498 
Gilbert  on  Cause  of  Magnetic  Variation, 

282 
Gilbert     on     Cause     of     Variations     of 

Earth's  Magnetism,  282 
Gilbert  on  Use  of  Mariner's  Compass  by 

Paulus  Venetus,  232 
Gilbert's   Classification  of  Electrics   and 

Non-Electrics,  28 
Gilbert's    Versorium    or    Needle-Shaped 

Electroscope,  44 
Gimbals,  299 

Globular  Lightning,  Noad  on,  164 
Globular  Lightning,  Plantl  on,  164 
Globular  Lightning  Possibly  a  Mass  of 

Glowing  Disassociated  Atoms,   165 
Globular  or  Ball  Lightning,  163 
Glory,  Aurora,  110 
Glow  or  Silent  Discharge,  90 
Gold,   Diffusion  of,   into  Lead  at  Ordi- 
nary Temperatures,  221 
Gold-Leaf  Electroscope,  45 
Gold-Leaf   Electroscope,    Charge   of,   by 

Induction,  52 
Gold,  Silver,  and  Copper,  Melting  points 

of,   120 
Gold,    Transmutation    of    Baser    Metals 

into,  a  Possibility,  222 
Gordon,  58 
Graham,  278 


Graham's  Observations  of  Diurnal  Decli- 
nation of  Needle,  278 
Gray,  29 
Gray,  Discovery  of  Attractive  Action  of 

Surface  of  Charged   Bodies  by,   54 
Gray,  Park  Benjamin  on,  31 
Gray  on  Resemblances  between  Electric 
Discharges  and   Lightning  and  Thun- 
der, 131 
Gray's  Discovery  of  Electric  Conduction 

and  Insulation,  33 
Gravity  Voltaic  Cell,  How  Set  Up,  375 
Gravity  Voltaic  Cell,  Necessity  of  Main- 
taining on  Closed-Circuit,  375 
Gravity  voltaic  Cell,  Varley's,  374 
Great  Sun-Spot  of  September,  1870,  288 
Greenwich   Royal   Meteorological   Obser- 
vatory, Exploring  Conductor  of,  152 
Grove  Voltaic  Cell,  Elements  of,  369 
Grover's  Theory  of  the  Earth's  Magnet- 
ism, 285 
Guericke,  28,  57 

Guericke  and  the  First  Electric  Light,  86 
Guericke'8  Electric  Machine,  57 
Guiot   de   Province   on   Mariner's   Com- 
pass, 231 
Gulcher's  Thermo-Pile  or  Battery,  422 
Gun  Electro-Magnet,  506 
Gymnotus  or  Electric  Eel,  197 

U 

Halle  y,  276 

Halley  on  Earth's  Magnetism,  283 

Halleyan  or  Isogonal  Lines,  276 

Hallwachs  on  Electrification  of  Metallic 
Plate  by  Action  of  Light,  332 

Hand  Rule,  Fleming's,  532 

Hand  Rule,  Modification  of  Fleming's, 
533 

Hans  Christian  Oersted,  461 

Hansteen,  Use  of  Needle  of  Oscillation 
by,  274 

Hansteen's  Theory  of  the  Earth's  Mag- 
netism, 284 

Hargrave  or  Box  Kite,  153 

Harris  and  his  System  of  Lightning 
Rods  for  Ships,  190 

Harris  and  the  Chemical  Theory  of  the 
Voltaic  Pile,  353 

Harris  on  Cause  of  the  Earth's  Magnet- 
ism, 285 

Harris  vs.  Faraday  on  Relative  Merits 
of  Solid  and  Stranded  Lightning 
Rods,  179 

Harris's  Great  Improvements  in  Ships' 
Compasses,  301 

Harris's  Invention  of  Means  for  Rapidly 
Checking  Oscillations  of  Compass 
Needle,  302 

Hatchett  and  Desormes's  Unsuccessful 
Effort  to  Obtain  Magnetism  from 
Electricity,  461 

Hawkesbee,  28 

Hawkesbee,  Probable  Unrecognized  Dis- 
covery of  X-Rays  by,  2x1 

Hawkesoee's  Experiments  on  Luminous 
Effects  in  Mercury  Tubes,  131 

Head  of  Recently  Killed  Ox,  Develop- 
ment of  Electric  Current  by,  341 

Heat  Cell,  Blumenberg's,  435 

Heat  Cell,  Jacques,  434 

Heat  Cell;  feeei,  433 

Heat  Cells,  429,  436 
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Heat,  Irreversible,  426 

Heat,   Reversible,  426 

Heat  Thunderstorms,  171 

Heating  Effects  of  Lightning  Discharges, 
184 

Heating  Effects  Produced  by  Lightning 
Strokes,  189 

Heaviside  on  Impedance,   180 

Heeling  Error  of  Ships'  Compass 
Needle,  308 

Height  of  Aurora,   109 

Heinrich  Hertz,  325 

Helices  or  Coils,  Active,  Anomalous 
Magnetization  Obtained  by,  486 

Helices,  Polarity  of,  Determined  by  the 
Direction  Which  the  Magnetic  Flux 
Enters,  487 

Helm  hoi tz  on  the  Doctrine  of  the  Con* 
servation  of  Energy,  403 

Henry  on  So-called  Anomalous  Magnet- 
ization, 485 

Henry's  Description  of  his  Electro-Mag- 
net, 494 

Henry's   Horseshoe   Electro-Magnet,   496 

Henry's  Improvements  in  Electro-Mag- 
nets, 493 

Henry's  Large  Electro-Magnet,  508 

Henry's  Mutual-Induction  Coils,   553 

Henry's  Portable  Electro-Magnet,  495 

Henry's  Self-Induction  Coils,   552 

Hertz  on  Effects  of  Ultra-Violet  Rays, 
332 

Hertz's  "Electric  Waves,"  Quotation 
from,  333 

Hertz's    Electro-Magnetic   Waves,    325 

High  Electric  Resistance  of  Selenium 
Cells,  437 

High  Potential  of  Lightning  Flash,  Sug- 
gested Cause  of,  155 

High  -  Resistance  Galvanometers  for 
Small  Currents,  468 

High  Vacua,   Insulating  Powers  of,  94, 


High  Vacuum  Tube,  95 


**igt,    ,„*,«-*«   *»i~,  VD 

History,   Early,  of  Magnetism,  226,  240 

HoangtJ  of  China.  Reputed  Use  of 
Magnetic  Needle  by,  227 

Hollow  Coil,  Use  of,  in  Magnetizing 
Steel  Bars,   511 

Hollow  Insulated  Metallic  Cylinder,  Dis- 
tribution of  Electric  Charge  on,   56 

Homer  on  Directive  Power  of  Lode- 
stone,  229 

Horseshoe  Electro- Magnet,  Henry's 
Form  of,  496 

Morseshoe  Electro-Magnet,  Simple,  501 
orseshoe  Magnet,  Compound,  245 

Horseshoe  Magnet,  Joule's  Cylindrical, 
503 

Horseshoe  Magnet,  Photograph  of  Flux 
Streams  from,  263 

Humboldt  on  Early  Knowledge  of  Mag- 
netism by  the  Chinese,  230 

Humboldt,  Alexander  von,  on  Phenom- 
ena of  the  Earth's  Magnetism,  286 

Humboldt,  Use  of  Needle  of  Oscillation 

Humboldt's  Description  of  Aurora  Bo- 
realis.  106,  109 

Humboldt's  Magnetic  Observations,  Silli- 
man  on,  286 

Human  Body,  Electric  Illumination  of,  8 

Human  Body,  Permeability  of,  to  Mag- 
netic Flux,  507 


Human   Body,  X-Ray  Location  of  For- 
eign Substances  in,  2x6 
Human  Foot,  Radiograph  of,  215 
Human  Hand,  Radiograph  01,  215 
Hydro- Electric  Machine,  Armstrong's,  62 
Hysteresis,  Magnetic,  267 

I 

Ideal  Natural  Electric  Machine,  Lodge's, 

147 

Identity  of  Electricity  from  any 
Source,  518 

Idioelectrics  or  Electrics,  28 

Immortal  Discovery  of  Faraday,  515 

Impedance  and  Electric  Resistance,  Dis- 
tinction between,   180 

Impedance,  Definition  of,   180 

Impedance,  Heaviside  on,  179 

Impedance  of  Lightning  Rods  of 
Greater  Importance  than  Resistance, 
182 

Improvements  in  Leyden  Jar,  73 

Impulsion  Cell,  452 

Impulsive  Rush  and  Steady  Strain 
Lightning  Discharges,  Conducting 
Power  of  Lightning  Rod  for,  278 

Impulsive-Rush  Lightning  Discharge,  176 

Impurities  in  Selenium,  Influence  of,  on 
Resistance  of  Selenium  Cells,  440 

Inaccuracy  of  Popular  Belief  as  to  the 
Invariability  of  the  Direction  of  the 
Compass  Needle,  27$ 

Incandescence,  Production  of,  by  Molecu- 
lar Bombardment,  205 

Inclination,  Angle  of,  279 

Inclination  or  Dip  of  Magnetic  Needle, 
Cause  of,  293 

Indestructible   Atoms   of   Lucretius,   220 

Indestructibility  of  Energy,  405 

Indicators  ana  Electric  Alarm  Appa- 
ratus in  Modern  War  Ships,   13 

Induced  and  Inducing  Currents,  Rela- 
tive Directions  of,  539 

Induced  Electric  Currents,  Directions  of, 
518 

Induced  E.M.F/&,  Clock-Face  Rule  for 
Determining  Directions  of,  534 

Induction  Coil,  543 

Induction  Coil,  Early  Form  of,  523 

Induction  Coil,  Mercury  Break  for,  $44 

Induction  Coil  or  Faradic  Battery,  7 

Induction  Coil,  RuhmkorfPs,  543 

Induction  Coil,  Spottiswoode's,  547 

Induction,   Dynamo-Electric,   530 

Induction,  Electro-Dynamic,  E.M.F.'s 
Produced  by,  528 

Induction,  Electro-Dynamic,  Varieties 
of,  530 

Induction,  Electro-Static,  49 

Induction  from  Leyden-Jar  Discharges, 
Matteucci's  Experiments  on,  554 

Induction  Machine,  Electro-Static,  Gen- 
eralized Type  of,  66,  68 

Induction  Machine.  Electro-Static,  Tdp- 
pler-Holtx,  68 

Induction  Machine,  Electro-Static, 
Wimshurst,    60,    70 

Induction,  Magnetic,  250  _ 

Induction,  Magnetic,  through  Glass, 
China,  and  Wood,  251 

Induction,  Magneto-Electric,  5*0,  SJO 

Induction,  Mutual.  531 

Induction,  Mutual,  Apparatus  for,   54a 


Induction  of  Currents  by  Movement*  of 

Active  Coil  530 
Induction  or  Influence,  Electro- Static,  si 
Induction,  Permanent  Charge*  Produced 

Induction,  Self,  sji 
InJuctiun,    Vol i»- Electric,    jig 
Inductive   Charge,    Principle  cf  Recipro- 
cal Accumulation  of,  65 
Inductive   Charge  of  Gold-Leaf   Electro- 
Influence   0/  Shape  and   Extent  of  Dis- 
charging    Surface*    on     Electric     Dis- 
charges, 87,  00 
Influence  of  the  Earth's  Magnetism  on 
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:ion,  Electro-Static,  51 

Installation  of  Electric  Conductor*  in 
Skyscrapers,   10 

Instantaneous  Nature  of  Death  by  Light- 
ning  Flash,    186 

Insulated  Conductors,  Distribution  of 
Electric  Charge  on,  SS_ 

Insulating   Power*  of   High   Vacua,   94 

Insulators   or    Non -Conductors,    Electric, 

Partial  List  of,  }6 
Intensity,    Magnetic,   and   Flux  Density, 

Relation  between,  *I3 
Intermittent     Character    of    Brush     Dtv 

InventSn*  of  Daniel]'*  Voltaic  Cell,  Ef- 
fect of,  on  Electric  Science,  371 
Invention  of  Voltaic  Pile,   Great   Value 

Inverse  Current,  Extra,  jji       - 
iverse  Squares,   Law  of  Magnetic,   16B 

1  visible'      Magnetic      Rays,      Comeliu* 
Gemma  on    jS7 
miration  of  Gases,  21a 
idiuni   and   Rhodium,   Action   of   Mag- 
on  Cell  CaiSn/jgS 
-onclad  Electro- Magnet,   J04 
-on    Filing*.    Attraction    of,    by    Lode- 

on  Filings.'  Magnetic  Grouping*  of,  at* 
-on    Masses   in    Ships,    Local  Variation 
of  Ships*  Compasses  Caused  by,  303 
rrrgular   Magnetic  Variations,   173 
rreversible  Heat,  416 
-ring  on   the  Discovery  of  the   Varia- 
tion of  the  Compass  Needle  by  Colrtm- 

Isochasmen  Lines,  100 
Isochasmen  Lines,  Chart  of,  tfo 
Isoclinal    and    Isothermal    Line*,    Corre- 
*   "  -een,  sSy 
180 

aoclinsl  Map  or  Chart,  380 
sodynamic  Chart*,  174 
sodynamic  Lines.  174 
sogonal  Charts,  aj$ 


Uogonic  Chart  of  the  United  State*  for 
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Langley's  Bolometer,  Sensitiveness  of, 
418 

Langley's  Description  of  his  Bolometer, 
418 

Lardner  on  the  Story  of  the  Broth  of 
Frogs'  Legs,  337 

Latent  or  Disguised  Electricity,  65 

launch,  Electric,  6 

Law,  Lenz's,  540 

Law,  Ohm's.  383 

Law  .of  Electro-Static  Attraction  and 
Repulsion,  54 

Law  of  Inverse  Squares,  Magnetic,  26S 

Laws  of  Electro-Dynamics,  475 

Laws  of  Magnetic  Attraction  and  Re- 
pulsion. 247 

Leading- In  Wires,  Platinum,  122 

Lead  Peroxide  Storage  Cell,  Polarity  of, 
40J 

Lead-Plate  Storage  Cell  or  Accumula- 
tor, 40  x 

Leakage  Magnetic  Flux,  51a 

Leclanche*  Voltaic  Cell,  376 

Leclanch6  Voltaic  Cell,  Life  of,  377 

Leclanche    Voltaic   Cell,    Suitable   W 

*or»  377 
Left  and  Right  Handed  Coils,  487 
Left  and  Right  Handed  Solenoids,  487 
Left-Handed     Rotary      ""* 


ork 


Polarization     of 

JLignt,  323 
Legend  of  Mahomet's  Coffin,  237 
Length  of  Bar,  Change  in,  Produced  by 

Magnetization,  262 
Lenz's  Experiment  on  the  Peltier  Effect, 

4^4 
Lenz's  Law,  540 
Level  or  Potential,  Electric,  78 
Level   or   Potential,    Electric,   Difference 

of,  78.  79 
Level  or  Potential,  Water,  78 
Leyden  Jar  and  Allamand,  73 
Leyden  Jar  and  Cuneus,  72 
Leyden  Jar  and  Muschenbroeck,  72 
Leyden-Jar  Battery,  76,  77 
Leyden-Jar    Battery    and    Voltaic    Pile, 

Comparison  of,   349 
Lejrden-Jar  Battery  Discharges,  Deflagra- 
tion of  Metals  by,   119,   120 
Leyden  Jar,  Cavallo  on,  75,  76 
Leyden-Jar  Discharges,  Induction  from, 

Matteuccfs  Experiment  on,  554 
Leyden-Jar    Discharges,     Magnetization 

by,  48s 
Leyden-Jar   Discharges,    Oscillatory  Na- 
ture of,   182 
Leyden  Jar,  Dissected,  82 
Leyden-Jar      Discharges,      Physiological 

Shock  Caused  by,  120 
Leyden  Jar,  Improvements  in,  73 
Leyden  Jar,  Invention  or  Discovery  of, 

by  Von  Kleist,  71 
Leyden      Jar,      Location      of      Electric 

Charges  on,  83 
Leyden     Jar    or     Condenser,     Residual 

Charge  of,  84 
Leyden  Jar,  Origin  of  Name  of,  72 
Leyden  Jar,  Simple  Construction  of,  75, 
Life  of  Leclanche  Voltaic  Cell,  377 
Light  and  Magnetism,  Relation  between, 

32a,  3SS 
Light,   Auroral,   Spectroscopic  ExamJna- 

tioa  of,   115 
Light  Cell,  Beeqnerefe,  436 


Light  Calk.  43L  446 

Light  Cells,  Effect  of  Violet  Light  on, 
437 

Light,  Electric  Automatic  Photo-Elec- 
tric Regulator  for,  443 

Light  Energy,  Conversion  of,  into  Elec- 
tric Energy,  436 

Light,  Influence  of  Magnetism  on,  32* 

Light,  Left-Handed  Rotary  Polarization 
of,  323 

Light,  Maxwell's  Electro-Magnetic  The- 
ory of,  324 

Light,   Polarized,  321 

Light,  Right-Handed  Rotary  Polarization 
of,  323 

Light,  Rotary  Polarization  of,  323 

Light  Vibrations,  320 

Lightning  and  Thunder,  x  60,  167 

Lightning  and  Thunder,  Bible  Refer- 
ences to,  26,  27 

Lightning,  Ball  or  Globular,  163 

Lightning,  Bead,  166 

Lightning  Conductors,  Solid,  178 

Lightning  Conductors,  Stranded  or 
Taped,   178 

Lightning  Discharge,  Effect  of  Resist- 
ance on  Character  of,  178 

Lightning  Discharges,  Alternating  or  Os- 
cillatory Character  of,  177 

Lightning  Discharges,  Phenomena  of 
Side-Flash  in.   181 

Lightning  Flash,  Rapid  Decomposition 
of  Body  in  Case  of  Death  by,  187 

Lightning  Flash,  Suggested  Cause  of 
High  Potential  of,  155 

Lightning  Flashes,  Impulsive-Rush  Dis- 
charge, 176 

Lightning  Flashes,  Lodge's  Classification 
of,    1 70 

Lightning  Flashes  not  Instantaneous,  17$ 

Lightning  Flashes,  Oscillatory  Nature 
of,   182 

Lightning  Flashes,  Stead-Strain  Dis- 
charge,  176 

Lightning,   Forked  or  Zigzag,  161 

Lightning  Jar,  101,  102 

Lightning,  Multiple  or  Ribbon,  16$ 

Lightning,  Ovid  on,   145 

Lightning  Phenomena,  Part  Played  by 
Clouds  in,   154 

Lightning    Rod,    Conducting   Power   of, 

Lightning  Rod,  Franklin's  Invention  of, 

Lightning    Rod    Protection,    Lodge    on» 

x8i,  183 
Lightning  Rods  and  Powder  Magazines, 

100 
Lightning  .Rods,    Connection    of,    with 

Neighboring  Conductors,   182 
Lightning  Rods  Do  Not  Always  Protect 

Buildings,  175 
Lightning  Rods,  Faraday  vs. 

Relative  Merits  of  Solid  an 


and  Stranded, 


Lightning   Rods,   Lodge 
Failure  of,  179 
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riods, 


Lightning  Rods,  no  Definite  Area  of 
Protection  Afforded  by,  183 

Lightning  Rods,  Practical  Value  of 
Points  of,  183 

Lightning  Rods,  Teats  of  Electric  Re- 
sistance of,  Generally  Valueless,  183 
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Lightning,  Sheet  or  Sumner,  16a 

Lightning  Stroke,  How  Distance  from 
Observer  may  be  Estimated,  185 

lightning  Stroke,  Insufficiency  of  Com- 
mon Explanation  as  to  Cause  of  De- 
structive Effects  of,  185 

Lightning  Stroke,  Possible  Sudden  Lib- 
eration of  Energy  on  Recombination 
of  Fragmental  Atomic  Matter,  185 

lightning  Strokes,  Chemical  Effects  Pro- 
duced by,  188 

Lightning  Strokes,  Circumstances  Affect- 
ing Liability  to  Death  or  Injury,   173 

Lightning  Strokes,  Classification  of,  by 
Etruscans.  26 

Lightning  Strokes,  Classification  of,  by 
Romans,  26 

Lightning  Strokes,  Damages  Produced 
by  Explosive  Effects  of,  184 

Lightning  Strokes,  Damages  Produced  by 
Heating  Effects  of,  184 

Lightning  Strokes,  Demagnetization  of 
Compass  Needles  by,  189 

Lightning  Strokes,  Effect  of,  on  Chro- 
nometers, 189 

Lightning  Strokes,  Fatal,  Map  of  the 
United  States  Showing  Annual  Num- 
ber of,  174 

Lightning  Strokes,  Heating  Effects  Pro- 
duced by,  180 

Lishtning  Strokes,  Liability  of  Tall  Ob- 
jects to,  189 

Lightning  Strokes,  Luminous  Effects 
Produced  by.  189 

Lightning  Strokes,  Magnetic  Effects  Pro- 
duced by,  189 

Lightning  Strokes,  Markings  on  Hu- 
man Body  by.  187 

Lightning  Strokes,  Mechanical  Effects 
Produced  by,  188 

Lightning  Strokes.  Physiological  Effects 
Produced  by.  189 

Lightning  Strokes,  Positions  of  Greatest 
Danger  from.  173 

Lightning  Strokes,  Production  of  Nitric 
Acid  by,  188 

Lightning  Strokes,  Reversal  of  Mag- 
netism of  Ship's  Compasses  by,  128 

Lightning  Tubes  or  Fulgurites,  187 

Line,  Agonal,  275 

Lines,  Halleyan  or  Isogonal,  276 

Lines,  Isochasmen,  109 

Lines,  Isoclinal,  280 

Lines,  Isoclinal  and  Isothermal,  Corre- 
spondence between,  2B7 

Lines,  Isodynamic,  274 

Lines,  Isogonal,  a  75 

Lines  of  Equal  Auroral  Frequency,  109 

Lines  of  Force,  Maxwell's  Rule  for  De- 
termining the  Direction  of,  465 

Lines  of  Force,  Screw  Rule  for  Deter- 
mining the  Direction  of,  466 

Lines  of  Magnetic  Force,  a6o 

Lines  of  Magnetic  Force,  Assumed  Di- 
rection of,  260 

Lippmann  on  Diaphragm  Currents,  449 

Lippmann's  Capillary  Electrometer,  451 

Liquids  and  Gases.  Paramagnetic,  315 

Liquids,  Para-  and  Diamagnetic,  Action 
of  Magnetic  Flux  on,  316 

List  of  Substances  Producing  Positive 
and  Negative  Electricity  by  Friction, 
39 


Lists  of  Para-  and  Diamagnetic  Sub- 
stances, 315 

Living  Animals  and  Plants  as  Electric 
Sources,  455 

Local  Action^  362 

Local   Variation  of  Mariner's  Compass, 

Local  Variation  of  Ship's  Compasses, 
Dangers  from,  304 

Lodge  and  Aitken  on  Cloud  Nuclei,  155 

Lodge  on  Ampere's  Theory  of  Magnet- 
ism, 479 

Lodge  on  Electro-Magnetic  Theory  of 
Light,  327 

Lodge  on  Lightning  Rod  Protection,  181, 

Lodge  on  Maxwell,  337 

Lodge  on  Occasional  Failure  of  Light- 
ning Rods,   179 

Lodge  on  Possible  Relation  between 
Electric  Conditions  of  the  Atmosphere 
and  the  Weather,  159 

Lodge  on  the  Probable  Causes  of  At- 
mospheric Electricity,  147 

Lodge's  Classification  of  Lightning 
Flashes,  176 

Lodge's  Ideal  Natural  Electric  Machine, 
M7 

Lodestone,  Aristotle  on  Directive  Power 
of,  229 

Lodestone,  Attraction  of  Iron  Filings 
by,  341,  242 

Lodestone,  Cicero  on  Directive  Power 
of,  229 

Lodestone,  Directive  Power  of,  Homer 
on,  229 

Lodestone,  Euripides  on  Directive  Pow- 
er of,  229 

Lodestone,  How  It  Acquires  Its  Mag- 
netism, 270 

Lodestone,  Lucretius  on  Directive  Pow- 
er of,  229 

Lodestone,  Marcellus  on,  230 

Lodestone,  Plato  on  Directive  Power  of, 
229 

Lodestone,  Properties  of,  226 

Lodestone,  Pythagoras  on  Directive 
Power  of,  229 

Lodestone,  Suspended,  Directive  Ten- 
dency of,  242 

Lodestone,   Soft  Iron  Armature  of,  243 

Loopj  Conducting,  Active,  Magnetic  Po- 
larity of,  481 

Lovestone  or  Tshu-Chy,  22% 

Low  Resistance  Galvanometers  for  Large 
Currents,  468 

Lozenge  -  Shaped  Magnetic  Needles, 
Knight  on,  300 

Lucretius  on  Directive  Power  of  Lode- 
stone, 229 

Lucretius  on  Indestructible  Atoms  of 
Matter,  220 

Luminiferous   Ether,   $20 

Luminosity  of  Electric  Discharges, 
Cause  of,  93 

Luminous  Discharges,  Influence  of  Mag- 
netism on,  99 

Luminous  Discharges,  Varieties  of,  9a 

Luminous  Dry  Fog  of  1783.   104 

Luminous  Effects  of  Ruhmkorff  Induc- 
tion Coil  Discharges,  549 

Luminous  Effects  Produced  by  Electric 
Discharges,  85,   no 
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Luminous  Effects  Produced  by  Light* 
ning   Strokes,    180 

Luminous  Effects  Produced  by  Molecu- 
lar Bombardment,  205 

Luminous  Effects  Produced  in  Vacuous 
Mercury  Tubes,   195 

Luminous  Flashes  Produced  by  Crystal- 
fixation,    193 

Luminous  Magnetic  Emanations,  Reich- 
enbach  on,  294 

Lurid  Thunder  Clouds,  R.  von  Helm- 
holts  on,  154 

M.M.F.,  207 

Machine  Shops,  Electricity  in,  10 

Machines,  Electric,  57,   70 

Madame  Galvani  and  the  Broth  of 
Frogs'  Legs,  336 

Made    voltaic  Circuit,  36a 

M  agro-Crystal  lie    Force,    319 

Magnet,  Anomalous,  249 

Magnet,  Bar,  244,  247 

Magnet,  Bisected,  248 

Magnet,   Compound   Bar,  244 

Magnet,    Compound    Horseshoe,   245 

Magnet,  Joule's  Cylindrical  Horseshoe, 
503 

Magnet,   Neutral   Point  of,  248 

Magnets,   Artificial,  244 

Magnets,   Compound,  Yamin*s,   245 

Magnets,    Compound,   Scoresby's,   245 

Magnets,  Electricity  Producer  from,  518 

Magnets,   Natural,   244 

Magnets,  Permanent,  Method  of  Retain- 
ing Their   Magnetism,   511 

Magnets,  Pliny  on  Repellent  Power  of, 
230 

Magnets,  Sticking,  513 

Magnetic  Attraction  and  Repulsion,  Law 
of  Force  of,  268 

Magnetic  Attraction  and  Repulsion, 
Laws  of,  247 


Magnetic     Bars,     Knight's     Method     of 

Magnetizing,   eio 
Magnetic  Batteries,  244 


Magnetic  Circuit,   497 

Magnetic  Circuit,  Aero-Ferric,  407 

Magnetic  Circuit,  Application  of  Ohm's 

Law  to,  498 
Magnetic  Circuit,  Ferric.  497 
Magnetic  Circuit,   Non-Ferric,   497 
Magnetic  Circuits,  Varieties  of,  497 
Magnetic  Dipping  Needle,  279 
Magnetic  Divining  Rod,  294 
Magnetic  Effects  of  Electric  Discharges, 

128 
Magnetic    Effects    Produced    by    Light- 

nmg  Strokes,    180 
Magnetic  Effluvia,  Boyle  on,  258 
Magnetic  Effluvia,  258 
Magnetic  Elements  of  Earth,  272 
Magnetic  Elements  of  a  Place,  273^ 
Magnetic  Emanations,  Luminous,  Reich" 

enbach  on,   294 
Magnetic  Equator  of  Earth,  281 
Magnetic  Field.  Earth's,  272 
Magnetic  Fields,  Production  of,  around 

Active  Conductors  by  the  Passage  of 

a  Current,  464 

giwuo   Figures,    rncfoarapnic   nanro- 
uctioa  ofT  262 


Magnetic  Flux,  254,  269 

Magnetic  Flux,  Action  of,  on  Bismuth, 

BecquereTs  Experiments  on,  311 
Magnetic  Flux,  Action  of,  on  Bismuth, 

Brugmans'   Experiments  on,  31 1 
Magnetic    Flux,    Action    of,    on    Brass, 

Cavallo*8  Experiments  on,  311 
Magnetic   Flux,   Action  of,  on 

netic  Substances,  3x3 
Magnetic  Flux,  Action  of,  on 

netic  Substances,  312 
Magnetic  Flux,  Action  of,  on  Rhodium 

and  Iridium,  311 
Magnetic  Flux,  Aligned.  500 
Magnetic  Flux,  All  Substances  Affected 

by,  310 
Magnetic    Flux,     Expanding    and    Con- 
tracting,   Production   of    E.M.F.'s  by, 

54i 
Magnetic  Flux,  How  Soft  Iron  Core  la- 
creases  Quantity  of,  499 
Magnetic  Flux,   Leakage,   5x2 
Magnetic   Flux,   Molecular,   500 
Magnetic     Flux     Pictures    of    Similarly 

and      Oppositely       Opposed      Magnet 

Poles,  265,  266 
Magnetic  Flux,  Practical  Unit  of,  498 
Magnetic  Flux,  Prime,  500 
Magnetic    Flux,     Structural    Molecular, 

500 
Magnetic  Flux,  Useless,  51a 
Magnetic   Force,   Lines  of,  260 
Magnetic  Groupings  of  Iron  Filings,  264 
Magnetic  Hysteresis,   267 
Magnetic  Induction,  250 
Magnetic    Induction   on    Earth   by   Sun, 

Secchi  on,  200 
Magnetic      Induction      through       Glass, 

China,  and  Wood,  251 
Magnetic     Intensity.     Relation     between 

Flux  Density  ana,  273 
Magnetic   Law   of  Inverse   Squares,   268 
Magnetic  Memory,  251 
Magnetic  Metals,  310 
Magnetic  Metals,  So-Called,  251 
Magnetic    Needle    and    Compass    Card, 

Why  They  Must  Move  Together,  299 
Magnetic  Needle,  Astatic,   470 
Magnetic    Needle,    Cause   ot    Inclination 

or  Dip  of,  293 
Magnetic  Needle,  Early  Employment  of, 

by  Syrian  Navigators,  232 
Magnetic  Needle,  Inclination  or  Dip  of, 

<34 
Magnetic    Needle,    Reputed    Use   of,   by 

Hoanpti  of  China.  227 
Magnetic    Needle,    Reputed   Use   of,   by 

Tchxeou  Kong,  of  China,  227 
Magnetic  Needle,  Verstomanua  on  Early 

use  of,  232 
Magnetic    Needle,    What    It    Tells    the 

Mariner.  296 
Magnetic  Needles,  Kelvin's  Form  of,  301 
Magnetic   Needles,   Knight's   Method  of 

Magnetizing,  509 
Magnetic      Needles,      Losenge  -  Shaped, 

Knight  on.  300 
Magnetic     Observations    of     Humboldt, 

Suliman  on,  286 
Magnetic  Observatories,  286 
Magnetic  Oscillations,   Method   for   De- 
termining Force  of  Magnetie  Pole  by, 
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Magnetic  Phenomena,  Explanation  of,  by 

•  Theory   of   Magnetic   Streamings,   260 

Magnetic  Phenomena,  Possibility  of  In* 
fluence  of  Ultra- Violet  Rays  on,  333 

Magnetic  Polarity,  Mnemonic  for  De- 
termining, 488 

Magnetic  Polarity  of  Active,  Conducting 
Loop,  481 

Magnetic  Poles,  Consequent,  487 

Magnetic  Poles,  Marked,  371  . 

Magnetic  Poles,  North  and  South-Seek- 
ing, 271 

Magnetic  Poles,  Red  and  Blue,  271 

Magnetic  Reluctance  of  Horseshoe  Miff* 
net  and  Straight-Bar  Magnet,  50a 

Magnetic  Retentivity,  251 

Magnetic  Retentivity,  Influence  of  Tem- 
perature on,  252 

Magnetic  Retentivity;  Why  Affected  by 
Annealing    or    Hardening    of    Steel, 

257 

Magnetic  Retentivity,  Why  Affected  by 
Changes  of  Temperature,  257 

Magnetic  Separation  of  Oxygen  from  the 
Nitrogen  of  the  Atmosphere,  Faraday 
on,  318 

Magnetic  Sounds,  Page  on,  262 

Magnetic  Storms,  Kelvin  on,  292 

Magnetic  Storms  and  Sun-Spot  Periodic- 
ity, 289 

Magnetic  Storms  and  Sun  Spots,  Simul- 
taneous Occurrence  of,  288 

Magnetic  Storms,  Sun  Soots  and  Au- 
roral   Phenomena,    Relations    between, 

115 
Magnetic   Streamings  and   Boyle's   Mag- 
netic Effluvia,   Similarity  between,  259 
Magnetic  Streamings,  Magnetic  Phenom- 
ena  Explained  by,   260 
Magnetic  Streamings,  Theory  of,  259 
Magnetic  Streamings  or  Vortices,  257 
Magnetic    Torsion    Balance,    Coulomb's, 

268 
Magnetic  Variations,  Annual.  273 
Magnetic  Variations,  Diurnal,  273 
Magnetic  Variations,  Gilbert  on  Cause  of, 

282 
Magnetic  Variations,  Irregular,  273 
Magnetic  Variations,  Periodical,  273 
Magnetic  Variations,   Secular,  273 
Magnetic    Vortices,    Descartes's    Theory 

of,  257 
Magnes,   Reputed  Discovery  of  Magnet- 
ism by,  227 
Magnetism,  Action  of,  on  all  Bodies,  3x0, 

319 

Magnetism  and  Electricity,  Reasons  for 
a  Belief  in  the  Existence  of  Relations 
between,  461 

Magnetism  and  Light,  Relations  between, 
320,  333 

Magnetism,  J£pinus*s  Single-Fluid  The- 
ory of,  254 

Magnetism,  Alleged  Origin  of  Name,  227 

Magnetism,    Ampere's   Theory   of,    256, 

476 

Magnetism,  Atmospheric,  Faraday's  Pa- 
per on,  3x8 

Magnetism,  Coulomb's  Double-Fluid  The- 
ory of,  25s 

Magnetism,  Distribution  of,  in  Bar  Mag- 
net, 247 

Magnetism,   Early  History  of,  226,  240 


Magnetism,  Earth's,  Alexander  von  Hum- 
boldt on  Phenomena  of,  286 
Magnetism,  Earth's,  Barlow's  Theory  pi. 

Magnetism,  Earth's,  Blot's  Theory  of, 
283 

Magnetism,  Earth's,  Bond's  Theory  of, 
282 

Magnetism,  Earth's,  Classification  of  Va- 
riations of,  273 

Magnetism,  Earth's,  De  la  Rive's  Theory 
of,  291 

Magnetism,  Earth's.  Euler*s  Geometrical 
Basis  of  the  Variations  of.  283 

Magnetism,  Earth's,  Faraday's  Theory  of, 
291 

Magnetism,   Earth's,  Gauss'   Theory  of, 

285  .    _ 

Magnetism,  Earth's,  Grovers  Theory  of, 

Magnetism,   Earth's,   Hsnsteen's  Theory 
_  of. 


[agnetism.       Earth's,      Objections      to 

Thermo-Electric  Theory  of,  290 
Magnetism.     Simultaneous    Observations 

Undertaken     at     Different     Parts     of 

Earth's  Surface  on  Variations  of,  286 
Magnetism,      Earth's,     Thermo  -  Electric 

Theory  of,  285 
Magnetism,    Effects  of  Temperature  on, 

253 
Magnetism,  Ewing's  Theory  of,  256 
Magnetism,  Influence  of.  on  Light,   320 
Magnetism,    Influence  01,   on   Luminous 

Discharges,  99 
Magnetism,  famlichus  on,  230 
Magnetism,  Lamellar  Distribution  of,  482 
Magnetism,   Lodge  on  Ampere's  Theory 

ox,  479 
Magnetism,  Maxwell's  Theory  of,  256 
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tism.   Obi< 
ory  of,  478 


Magnetism.  Objection  to  Ampere's  The- 
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letism  of  Earth,  Descartes  on  Cause 


Magnetism,  Mysterious  Force  of,  ^41, 
stism.   Obiec  '        "      *  *" 

rv  01. 
Magn< 

of,  282 
Magnetism  of  Lodestone,  How  Acquired, 

270 
Magnetism,   Phenomena  of  the   Earth's, 

270,  294 
Magnetism.     Producton    of,    by    Violet 

Lightt  Morichini  on,  328 
Magnetism,    Reputed    Discovery  of,   227 
Magnetism,  Residual,  500 
Magnetism,  Rotation  of  Plane  of  Polar- 
ization of  Light  by,  321  a 
Magnetism,  Some  Curious  Properties  of, 

Known  to  Ancients,  226 
Magnetism,  Theories  of,  254,  269 
Magnetism,  Variations  of  Earth's,  Gilbert 

on  Cause  of,  282 
Magnetism,  Weber's  Theory  of.  256 
Magnetization  by  Leyden-Jar  Discharges, 

485 
Magnetization,  Change  in  Length  of  Bar 

Produced  by,  262 
Magngtigatjon  of  Chronometers  by  Light- 
ning Strokes,  x8p 
Magnetization.  So-CaUed  Anomalous,  485 
Magnetized  Steel  Bar,  Conventionalized 

Representation  of,  477 
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Magneto-Chemical  Cell,  Balsamo's,  45* 
Magneto-Electric  Induction,  520,  530 
Magneto  -  Electric       Spark       Apparatus, 

fraraday's,  526 
Magneto-Motive  Force,  Practical  Unit  of, 

Mahomet's  Coffin,  Legend  of,  237 

Mahomet's  Coffin,   Toy,  237 

Manganese  Steel,  Curious  Magnetic 
Properties  of,  253 

Map  of  the  United  States  Showing  An- 
nual Number  of  Fatal  Lightning 
Strokes.  174 

Map  of  the  United  States  Showing  Fre- 
quency of  Thunderstorms,  172 

Mariner  8   Compass,    295,    309 

Mariner's  Compass,  Alleged  Invention  of, 
by  Flavio  Giol,  232 

Mariner's  Compass,  Difficulty  of  Accu- 
rately Determining  Ship's  Course  from 
Direction  of,  303 

Mariner's  Compass,  General  Appearance 
of,  298 

Mariner's  Compass,  Guiot  de  Province 
on,  231  . 

Mariners  Compass,  How  a  Navigator 
Determines  his  Position  by,  295 

Mariner's  Compass,  Local  variation  of, 
303 

Mariner's  Compass,  What  the  Needle 
Tells  the  Manner,  296 

Marked  Magnetic  Poles,  271 

Markings  on  Human  Body  by  Lightning 
Strokes,  187 

Mascart's  Modification  of  Kinnersley's 
Thermometer,  118 

Marcellus  on  the  Lodestone,  230 

Marinini  and  the  Contact  Theory  of 
the  Origin  of  Electricity  in  the  Vol- 
taic Pile,  351  .     . 

Matter,  Anaxagoras  on  Continuity  of, 
220 

Matter,  Fragmental  Atomic,  165  # 

Matter,  Kelvin  on  the  Homogeneity  and 
Continuity  of,  220 

Matter,  Maxwell  on  Discontinuity  of, 
220 

Matter,  Tait  on  the  Homogeneity  and 
Continuity  of,  220 

Matter,  Ultra-Gaseous  or  Radiant,  200 

Matter,  Ultra-Gaseous,  Properties  of,  202 

Matteucci  and  the  Contact  Theory  of 
the  Origin  of  Electricity  in  the  Vol- 
taic Pile,  35 1 

Matteucci  on  Animal  Electricity,  455. 

Matteucci's  Experiments  on  Induction 
from  Leyden-Jar  Discharges,  554 

Maxwell,  Lodge  on,  327.     , 

Maxwell  on  the  Discontinuity  of  Matter, 

220 
Maxwell's    Electro-Magnetic    Theory    of 

Light,  324 

Maxwell's  Rule  for  Determining  the  Di- 
rection of  Lines  of  Force,  465 

Maxwell's  Theory  of  Magnetism,  256 

Mean-Free  Molecular  Paths,  201 

Mechanical  Avoidance  of  Polarization  of 
Voltaic  Cell,  364      M    _,         .        _. 

Mechanical  Effects  of  Disruptive  Dis- 
charges, 122,  124 

Mechanical  Effects  Produced  by  Light- 
ning Strokes,  i88_ 

Melloni's    Thermo-Galvanometer,    414 


Melloni's  Thermo-Galvanometer,  Extreme 
Sensitiveness  of,  415 

Melloni's  Thermo-Multiplier,  413 

Melting  Points  of  Gold,  Silver,  and  Cop- 
per, 120 

Memory,  Magnetic,  251 

Mercadier's  Photo-Electric  or  Selenium 
Ceil,  442 

Mercury  and  Dilute  Sulphuric  Acid,  Con- 
tact E.M.F/8  Produced  by,  449 

Mercury  Break  for  Induction  Coil,  $44 

Mercury  Globule  Automatic  Circuit 
Breaker,  440 

Mercury  Globules  as  Current  Genera- 
tors, 449 

Mercury  Tubes,  Hawkesbee's  Experi- 
ments on  Luminous  Effects  Produced 
in,  131 

Mercury  Tubes,  Vaeuous,  Luminous  Ef- 
fects Produced  in,   195 

Merry  Dancers  of  Shetland  Islands,  106 

Metallic  Bodies,  How  Electrified,  33 

Metals,  Deflagration  of,  by  Leyden-Jar 
Battery  Discharges,  119,  120 

Metals,  Magnetic,  310 

Metals,  So-Called  Magnetic,  251 

Methods  of  Magnetization  of  Steel 
Needles,   508 

Micro-Farad,  79 

Mining,  Electricity  in,  11 

Minus  —  and  Plus  -h  Electric  Charges,  40 

Mirror  Glavanometer,  471 

Mirror  of  Quadrant  Electrometer,   48 

Mnemonic  for  Determining  Magnetic  Po- 
larity, 488 

Modern  War  Ships.  Electricity  in.  12 

Modification  of  Fleming's  Hand  Rule, 
533 

Modification  of  Single  and  Double-Fluid 
Theories  of  Electricity,  41 

Mohn'a  Classification  of  Thunderstorms, 

171 

Molecular  Bombardment,  Incandescence 
Produced  by,  205 

Molecular  Bombardment,  Luminous  Ef- 
fects Produced  by,  205 

Molecular  Magnetic  Flux,   500 

Molecular  Magnetic  Flux,  Structural.  500 

Molecular  Streams,  Difference  in  Paths 
of,  in  Partial  and  in  High  Vacua,  20c 

Monchini's  Experiments,  Rejection  of, 
by  Faraday,  330 

Monchini's  Experiments  Rejected  by 
Playfair,  329 

Morichini's  Experiments,  Ries  and  Moser 
on,  330 

Monchini  on  Production  of  Magnetism 
by  Violet  Li^ht,  328 

Mortar,  Electric,  1x8 

Moser  and  Ries  on  Morichini's  Experi- 
ments, 330 

Mountain  of  Lodestone,  Arabian  Nights 
on,  239,  240  • 

Mountain  of  Lodestone,  Ptolemy  on  a 
Legend  Concerning,  238 

Mount  Etna,  Brewster  on  Luminous 
Electric  Phenomena  of,   104 

Movable    Active    Conductors,    Ampere's, 

Multiple-Connected  Voltaic  Battery,  393 
Multiple    and    Series-Connected    Voltaic 


Batteries,  Contrasts  otK  394 
Multiple  or  Composite  Dischar 


ges,  92 
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Multiple  or  Ribbon  Lightning,  165 
Multipler,  Origin  of  Word,  468 
Multiplier,  Schweigger*s,  467 
Mure    and    Clamond'a    Thermo-Pile    or 

Battery,  420 
Muschenbroeck  and  the  Leyden-Jar,  7a 
Mutual  Induction,  531 
Mutual  Induction,  Apparatus  lor,  54a 
Mysterious  Force  of  Magnetism,  341 

N 

Natural     and     Artificial     Pyro-Electric 

Crystals.  Brewster's  List  of,  409 
Natural  Magnets,  244 
Need  of  Electrical  Knowledge,  5 
Needle,    Astatic,    Use   of,    in    Galvanom- 
eters, 470 
Needle,  Compass,  Early  Form  of,  300 
Needle,   Dipping,  279 
Needle,  Magnetic,  Astatic,  470 
Needle,    Magnetic,    Construction   of,   246 
Needle,  Magnetic,  Dip  or  Inclination  of, 

234 

Needle,  Magnetic.  Discovery  of  Dip  or 
Inclination  of,  by  Norman,  234 

Needle  of  Oscillation,  Use  of,  by  Cou- 
lomb, 27* 


Inclination  of,  by  Norman,  23^ 

'■     of  Os  '*• 

Needle  of  Oscillation,  Use  of,  by  Gauss, 
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Needle  of  Oscillation,  Use  of,  by  Han- 
steen,  274 

Needle  of  Oscillation,  Use  of,  by  Hum- 
boldt, 274 

Needles,  Steel,  Method  of  Magnetization 
of,  508 

Negative  and  Positive  Elements  of  Vol- 
taic Cell,   360 

Negative  Brush  Discharge,  Characteristic 
Appearance  of,  01 

Negative  Plate  of  voltaic  Cell,  360 

Neighboring  Conductors,  Connection  of 
Lightning  Rods  with,   182 

Neutral  Point  of  Magnet,  248 

Newton,   28,   57^ 

Newton  on  Height  of  Aurora,  109 

Newton's  Electric  Machine,  57 

Night   and   Day   Switch,   Automatic,   445 

Nitric  Acid,  Production  of,  by  Lightning 
Strokes,   188 

Noad  on  Globular  Lightning,  164 

Nollct   and    Leyden-Jar    Discharges,    128 

Nollet  on  Electric  Phenomena  and 
Lightning  and  Thunder,   132 

Non-Annihilation  of  Energy,  403 

Non-Conducting  Vacua,  95 

Non- Conductors,  Electric,  33 

Non-Conductors  or  Insulators,  Electric, 
Partial   List  of,   36 

Non-Electrics,  28 

Non-Electrics  and  Electrics,  Gilbert's 
Classification  of,  28 

Non-Ferric  Magnetic  Circuit,  497 

Non- Polarized  Armatures,   cia 

Nordenskjold  on  Height  of  Aurora,   109 

Norman,  Discovery  of  the  Inclination  or 
Dip  of  Magnetic  Needle  by,  234 

Norman  on  Seat  of  Earth's  Magnetism, 
282 

North  and  South-Seeking  Magnetic  Poles, 

Northern  Light,  104.  112 

Numa  Pompuius  ana  Sacred  Fire,  145 


Oajxcnow  to  Ampere's  Theory  of  Mag- 
netism, 478 

Observatories,  Electric,  150 

Observatories,  Magnetic,  286 

Oersted  and  the  Chemical  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,  351 

Oersted,   Definition  of,   498 

Oersteds  Discovery,  Ampere's  Experi- 
mental Investigation  of,  473 

Oersted's  Discovery,  Davy's  Announce- 
ment of,   462 

Oersted's  Discovery  of  the  Production  of 
Magnetism  by  Electricity,  460 

Oersted's  Original  Experiment  on  Pro- 
duction of  Magnetism  from  Electricity, 
462 

Ohm.  37 

Ohm's  Law,  383 

Ohm's  Law,  Application  of,  to  Magnetic 
Circuit,   498 

Ohm's  Law,  Application  of,  to  Working 
Circuit,   388 

Ohm's  Law,  Concise  Statement  of,  384 

Ohm's  Law,  Relations  between  Practical 
Electric  Units  Disclosed  by,  385 

Oliver  Lodge  on  Thales,  21 

Open  and  Closed  Circuits  in  Voltaic 
Cells,  Significant  Differences  of  Phe- 
nomena in,  356 

Open-Circuited    voltaic   Cell,   364 

Open  Voltaic  Circuit.  362 

Opera  or  Theatre,  Electricity  in,  6 

Optics,  Electro,  327 

Order  of  Contact  Series  an  Argument 
for  the  Chemical  Theory  of  the  Vol- 
taic Pile,  353 

Ordinary  Matter,  Coarse-Grainedness  of, 
222 

Origin  of  Name  Transformer,   523 

Orijrin  of  the  Word  Tourmaline,  408 

Oscillations  of  Compass  Needle,  Harris 
on  Methods  for  Checking,  302 

Oscillatory  Nature  of  Leyden-Jar  Dis- 
charges,   182 

Oscillatory  Nature  of  Lightning  Flashes, 
182 

Oscillatory  or  Alternating  Character  of 
Lightning  Discharges,    177 

Osmose,   446 

Osmose,   Electric,  Porrer*s  Discovery  of, 

447 

Our  Earth  a  Huge  Leyden  Tar,  149 

Outrushing  Squall,  Origin  of,  169 

Ovid  on  Lightning,  145 

Oxide  of  Copper,  Use  of,  as  Solid  De- 
polarizer, 376 

Ozone,  Production  of,  by  Electric  Dis- 
charges,  126 

Ozone,  Production  of,  by  Lightning 
Strokes,  188 


Pact  on  Sounds  Produced  in  Bars  by 

Magnetization,  262 
Paints,  Phosphorescent,  09 
Pair  or  Couple,  Thermo-Electric,  410 
Pair,  Voltaic,  359 
Para-  and  Diamagnetie  Liquids,   Action 

of  Magnetic  Flux  on,  310 
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Para-  and  Diamagnetic  Liquids,  Experi- 
ments on,  ;j  1 6 

Para-  and  Diamagnetic  Substances,  Lists 
of,  3>5 

Para-  and  Diamagnetism,  Faraday  on.  313 

Paramagnetic  Character  of  Atmospheric 
Oxygen,  315 

Paramagnetic  Character  of  Oxygen,  Fara- 
day on  Effect  of,  on  Variations  of 
the  Compass  Needle,  317 

Paramagnetic  Liquids  and  Gases,  315 

Paramagnetic  Substances,  Action  of 
Magnetic  Flux  on,  31a 

Park  Benjamin  on  Gray,  31 

Park  Benjamin  on  Sulzer,  34a 

Parrot  and  the  Chemical  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,   35 1 

Partial  and  High  Vacua,  Difference  of 
Molecular  Stream-Paths  in,  205 

Partial  Vacuum  or  Geissler  Tubes,  97 

Partially  Exhausted  Glass  Tubes,  Electric 
Discharges  in,  94 

Paulus  Venetus,  Gilbert  on  Use  of  Mar- 
iner's Compass  by,  232 

Parry  on  Barlow's  Soft  Iron  Globe,  295 

Paths,  Mean-Free  Molecular,  201 

Peltier  and  Joule  Effects,  Differences 
between,  425 

Peltier  Effect,  434 

Peltier  Effect,  Lenz's  Experiment  on,  424 

Peltier  Effect,  Water  Frozen  by,  425 

Peltier's  Cross,  427 

Peltier's  Electrometer,   151 

Peltier's  Theory  of  Atmospheric  Electric- 
ity,  148 

Pendulum,  Electric,  29 

Percussion,  Production  of  Electric 
Charges  by,  194 

Periodical  Magnetic  Variations,  273 

Permanent  Compensating  Magnets  for 
Ship's  Compasses,  306 

Permanent  Magnets,  Method  of  Retain- 
ing Their  Magnetism,  511 

Permanent  Magnets,  Use  of,  for  Over- 
coming Ships  Local  Magnetic  Attrac- 
tion, 305 

Permeability  of  Human  Body  to  Mag- 
netic Flux,  507 

Perpetual  Motion,  Why  Impossible  on 
Earth,  404 

Pfaff  and  the  Contact  Theory  of  the 
Origin  of  Electricity  in  the  Voltaic 
Pile,  35 1 

Phenomena  of  the  Earth's  Magnetism, 
270,  294 

Phenomena  of  Side-Flash  in  Lightning, 
181 

Photo- Electric  Batteries,  441 

Photo-Electric  Cell,  443 

Photo- Electric  Currents,  443 

Photo- Electric  Impulsion  Cell,  452 

Photo- Electric  Regulator,  Automatic,  for 
Electric  Light,  443 

Photo- Electric  or  Selenium  Cell,  Merca- 
dier*s,  442 

Photograph  of  Flux  Streams  from  Horse- 
shoe Magnet,  263 

Photograph,  X-Ray,  216 

Photographic  Images,  Action  of  Elec- 
trons in  Producing,  225 

Photographic  Negatives  of  Flux  Streams 
from  Magnets,  How  Obtained,  263 


Photographic  Positives  of  Flux  Streams 
from  Magnets,  How  Obtained,  263 

Photographic  Positives  of  Oppositely  and 
Similarly  Opposed  Magnet  Poles,  265 

Photographic  Reproduction  of  Magnetic 
Figures,  26s 

Photography  of  the  Invisible,  214 

Photography,  X-Ray,  9 

Photometer,  Selenium,  442 

Phosphorescence,  Electric,  98 

Phosphorescent  Faints,  99 

Phosphorescent  Properties  of  Calcium 
ana  Barium  Sulphides,  98 

Photophone,  Employment  of  Selenium 
Cells  in,  442 

Physiological  Effects  Produced  by  Light- 
ning  Strokes,   189 

Physiological  Shock  Caused  by  Leyden- 
Jar  Discharges,   128 

Pile,  Singer's  Dry,  399 

Pile,  Zamboni's  uryx  399 

Piles,  Thermo- Electric,  4x2 

Pistol,  Electric,   127 

Pitchblend,  223 

Pith-Ball  Electroscope,  43 

Plane  of  Polarization  of  Light,  Rotation 
of,  by  Magetism,  321 

Plane,  Proof,  46 

Plant  and  Animal  Electricity,  199 

Plapt,  Generating,  of  Modern  Office 
Building,   11 

Plants,   Electric  Bark  Currents  of,  459 

Plants,  Wartmann  on  Electricity  Pro- 
duced during  the  Growth  of,  458 

Plante  on  Globular  Lightning,   104 

Plate,  Amalgamation  of  Zinc,  362 

Plate  Electric  Machine,  60,  61 

Plate,  Negative,  of  Voltaic  Cell,  360 

Plate,  Positive,  of  Voltaic  Cell,  360 

Plates  of  Voltaic  Cell.  360 

Platinum  Leading-In  Wires,   122 

Plato  on  Directive  Power  of  Lodestone, 
220 

Playfair  on  Morichini's  Experiments,  329 

Pliny,   102 

Pliny  on  Repellent  Power  of  Magnets, 
230 

Plucker  on  Ultimate  Shape  of  Atoms  and 
Their  Magnetic  Phenomena,  319 

Plus  -f  ana  Minus  —  Electric  Charges, 
40 

Point,   Neutral,  of  Magnet,  248 

Points  of  Lightning  Rods,  Practical 
Value  of,   183 

Polarity,  Diamagnetic,  314 

Polarity,  Diamagnetic,  True  Explanation 
of,  314 

Polarization  of  Light,  Left-Handed  Ro- 
tary, 323 

Polarization  of  Light,  Right-Handed  Ro- 
tary, 323 

Polarization  of  Light,  Rotary,  323 

Polarization  of  Voltaic  Cell,  363 

Polarization  of  Voltaic  Cell,  Chemical 
Avoidance  of.  364 

Polarization  of  Voltaic  Cell,  Electro- 
Chemical  Avoidance  of,  364 

Polarization  of  Voltaic  Cell,  Mechanical 
Avoidance  of,  364 

Polarized  Armatures,  5x2 

Polarized  Light,  Effect  of  Electro-Static 
Fields  on,  324 

Pole,  Analagous,  196 
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Pole,  Antilogous,  to6 
Poles,  Consequent  Magnet* 
Pokes,  Magnetic,  North  an 

ing,  271 
Poles,  Marked  Magnetic,  271 
Poles  of  Voltaic  Cell,  560 
Poles,  Red  and  Blue  Magnetic,  ayi 
Polonium,  223 
Polonium  Rays,  224 
Portable  Electro-Magnet,  Henry's,  495 
Portative  Electro-Magnets,  505 
Porous  Cup  of  Voltaic  Cell,  368 
Porret's    Discovery   of   Electric   Osmose, 
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